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CHEMICAL LASER COMPUTER CODE SURVEY

Section I

INTRODUCTION

As part of its program to evaluate novel resonator concepts for high-energy laser
applications, the Naval Research Laboratory (NRL) has conducted a survey sponsored by
the Defense Advanced Research Projects Agency (DARPA) to determine the features and
capabilities of government- and contractor-developed computer codes that model one or
more features of hydrogen fluoride/deuterium fluoride chemical laser resonators. The
purpose of this survey was to obtain a detailed measure of the extent of the current and
near-term state-of-the-art modeling capability for predicting chemical laser performance.
Because many diverse chemical laser codes exist, it was recognized that comparisons and
evaluations of codes, models, and computational techniques would best be accomplished
if each code architect assessed the capabilities, limitations, merits, and demerits of his own
code or model for chemical laser resonator analysis and performance.

A code survey form (Appendix A) was prepared to aid in gathering information in
three main areas of concern in modeling chemical lasers: optics, kinetics, and gas dynamics.
It was recognized that certain codes might in some aspects be more powerful than would be
required for analyzing the continuous-wave (CW), supersonic, diffusion-mixing, cold-
reaction HF chemical laser. The government is interested in identifying any such extended
capabilities. For this reason some generalization of the survey form in each of the three
cited areas was attempted. It was also recognized that some aspects of the survey form
would probably be too specific or else too general to accommodate all applicable codes and
models to which they were addressed. Therefore, respondents were encouraged to cite
deficiencies, make recommendations for improvements, and depart from the prescribed
format when necessary to describe better the features of their codes or models.

A potential list of recipients for the chemical laser code capability survey was prepared
using the following sources:

1. Attendees to the Novel Resonator Mid-Term Review held December 5 and 6, 1978,
at NRL

2. Authors of papers presented at the 6th Tri-Service Chemical Laser Symposium held
August 28-30, 1979, at the Air Force Weapons Laboratory

3. Attendees to the Intra-Cavity Adaptive Optics (ICAO)/Internal Focal Line Aper-
ture (IFLA) Review held April 10, 1979, at the Air Force Weapons Laboratory

4. Distribution list for Novel Resonators for High Power Chemical Lasers Program pro-
vided by NRL.

Manuscript submitted August 6, 1980.
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WIGGINS, MANSELL, ULRICH, AND WALSH

This list (Appendix B) includes 165 names of researchers and, in some cases, shows
their current or recent areas of interest. Rather than attempt to communicate directly with
this large number of potential survey recipients, it was decided instead to send several copies
of the survey form to key individuals at the various companies and government agencies
involved and let them make the internal distributions. This final list included 51 names and
is also included in Appendix B.

A significant amount of code development, capabilities, and documentation is consid-
ered proprietary to those companies that build them. This report contains no proprietary
information. The line of distinction for determining exactly which information about any
code marked proprietary is vague and is best answered by the originator of the code.

The remainder of this report is a summary of the responses received from the survey.
Top-level summaries and categorical distributions of chemical laser codes are presented in
section II. These are intended to provide "quick-look" comparisons of code features. De- I
tailed code capabilities and features are provided in section III.
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Section II

CODE SURVEY SUMMARY

The purpose of this chapter is twofold. First, the codes are listed in various ways to aid
the reader in determining where a code fits categorically among the various combinations of
optics, kinetics, and gasdynamics features. Second, a single-page summary is included for
each code (alphabetically by code name). The purpose of this top-level or quick-look sum-
mary is to provide a rapid evaluation of a given code's attributes and for cross comparisons
before going to the more detailed level of section III.

Table II-1 provides the complete alphabetical listing of all codes included in this sur-
vey,* the company or agency that submitted themt and their proprietary/nonproprietary
status (P if proprietary) An alphabetical listing of codes by company/agency, which shows
also the general type or use of code (optics, kinetics, gasdynamics), is provided in Table II-2.
The following rules were applied in classifying a code as 0, K, or G. A code with detailed
optics with up to and including a simple saturable gain model, but no detailed kinetics or
gasdynamics features, was classified as an optics (0) code. A code with detailed kinetics
with up to and including a simple Fabry-Perot optics model, but no detailed optics or gas-
dynamics, was classified as a kinetics (K) code. A code with detailed mixing or flow mod-
eling capabilities, but without detailed optics or chemistry models, was termed a gasdy-
namics (G) code. In Table II-3, this categorical approach is used to divide codes into seven
categories made possible by codes having different combinations of detailed optics, detailed
kinetics, and detailed gasdynamics modeling capabilities. The reader will undoubtedly find
many other ways to compare codes; Table II-4 provides one further example.

Some information in a very different format from that used in this survey was provided
on 21 codes by Bell Aerospace Textron. Summary sheets have been included for these
codes. The original Bell Aerospace inputs have been included as Appendix C.

*Codes without names were arbitrarily given alphanumeric names for reporting consistency; such codes are
indicated by a superscript asterisk following the code name.

tMost of the time, but not always, the company or agency submitting a given code was responsible for pro-
ducing or building the code. Attempts have been made to properly credit the original source where known.

i None of the information reported here is considered proprietary.
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WIGGINS, MANSELL, ULRICH, AND WALSH

Table I-1 - Alphabetical Listing of Chemical Laser Codes

Code Name Company/Agency Proprietary

ABL
AEROKNS
AFOPTMNORO
ALCHRC*
ALCRRC*
ALFA
APACHE
ARM-D
ARM-G
BAREPL
BCCLC*
BLAZER
BLAZE I
BLAZE II
BLAZE III
BLAZE IV
BLAZE V
BLAZE VI
BLIST
CLOQ
CLOQ3D
CLSLGM*
CNCDE
COMOC-SA
COMOC-TA
COMOC-2DNS
COMOC-3DPNS
CROQ
DENTAL
DESALE-5
DIFF-2
DIFF-3
ELNWD2
GASSER
GCAL
GENRING
GIM
GLADV
GOAD

TRW
Rocketdyne
University of Illinois
Rocketdyne
Rocketdyne
AFWL/ALC
AFWL/ALC
Bell Aerospace
Bell Aerospace
Rocketdyne
AFWL/ALR
TRW
Bell Aerospace
Bell Aerospace
Bell Aerospace
Bell Aerospace
Bell Aerospace
Bell Aerospace
TRW
UTRC/P&W
UTRC/P&W
SAI
Bell Aerospace
Bell Aerospace
Bell Aerospace
Bell Aerospace
Bell Aerospace
TRW
AFWL/ALR
Aerospace Corporation
Bell Aerospace
Bell Aerospace
Aerospace Corporation
TRW
SAI
BDM
AFWL/ALC/LOCKHEED
TRW
Bell Aerospace

*Indicates alphanumeric name generated for this survey.
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Table II-1 - Alphabetical Listing of Chemical Laser Codes (Continued)

Code Name I Company/Agency I Proprietary

GOPWR
GURDM
HFGOPWR
HFOX
IPAGOS
KBLIMP
LAPU-2
LOADPL
LS-14RGS*
MCLANC
MNORO
MPCPAGOS
MRO
NCFTDPWE*
NORO-I
NORO-II
OCELOT
POLRES
POLRESH
POP
PRE-WATSON
QFHT
RASCAL
ROPTICS
ROTKIN
SAIC2D
SAIC2DV
SAIFHT
SAIGD
SAI1D
SAI2D
SOS
TDLCRC*
TDWORRC*
TMRO
TWODNOZ
URINLA2
VIINT
WAP*

Rocketdyne
BDM
Rocketdyne
Sandia Laboratories
BDM/TRW
Aerotherm Division ACUREX
LASL
Rocketdyne
Rocketdyne
TRW
University of Illinois
BDM
TRW
LASL
University of Illinois
Bell Aerospace
Hughes
AFWL/ALR
AFWL/ALR
Perkin-Elmer
Rocketdyne
UTRC/P&W
Rocketdyne
University of Illinois
UTRC/P&W
SAI
SAI
SAI
SAI
SAI
SAI
Aerospace Corporation
Rocketdyne
Rocketdyne
TRW
TRW
TRW
TRW
TRW

P

P
P
P

P

P
P
P
P

P
P

*Indicates alphanumeric name generated for this survey.
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Table II-2 - Alphabetical Listing of Chemical Laser Codes by Company

Company/Agency I Code Name IProprietary | Type

Aerospace Corporation

Air Force Weapons Laboratory

BDM Corporation

Bell Aerospace Textron

Hughes Aircraft Company

University of Illinois

Los Alamos Scientific
Laboratories

Perkin-Elmer

DESALE-5
ELNWD2
SOS

ALFA
APACHE
BCCLC
DENTAL
GIM
POLRES
POLRESH

GENRING
GURDM
IPAGOS
MPCPAGOS

ARM-D
ARM-G
BLAZE I
BLAZE II
BLAZE III
BLAZE IV
BLAZE V
BLAZE VI
CNDE
COMOC-SA
COMOC-TA
COMOC-2DNS
COMOC-3DPNS
DIFF-2
DIFF-3
GOAD
NORO-II

OCELOT

AFOPTMNORO
MNORO
NORO I
ROPTICS

LAPU-2
NCFTDPWE

POP

P

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

P

P
P

K, G
0
K

K
K

O, K
O, K, G

G
0
0

0
0
0
0

0
0
G
G

K, G
K, G

G
O, K, G

G
K, G
K, G
K, G
K, G
O, G
O, G
0

K, G

0

O, K
K
K

O, K

0
0

0
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Table II-2 - Alphabetical Listing of Chemical Laser Codes by Company (Continued)

Company/Agency I Code Name I ProprietaryI Type

Rocketdyne

Sandia Laboratories

Science Applications, Inc.

TRW

United Technologies Research
Center Pratt & Whitney

AEROKNS
ALCHRC
ALCRRC
BAREPL
GOPWR
HFGOPWR
LOADPL
LS-14RGS
PRE-WATSON
RASCAL
TDLCLRC
TDWORRC

HFOX

CLSLGM
GCAL
SAIC2D
SAIC2DV
SAIFHT
SAIGD
SAIID
SAI2D

ABL
BLAZER
BLIST
CROQ
GASSER
GLADV
KBLIMP
MCLANC
MRO
TMRO
TWODNOZ
URINLA2
VIINT
WAP

CLOQ
CLOQ3D
QFHT
ROTKIN

'V

P
P
P

P
P
P
P

P

P
P
P
P

P

P
P

K, G
0, K, G
0, K, G

0
O, K, G
O, K. G

0
0
0

O. K, G
O, K, G

o

K

0
K
0
0
0

K, G
0
0

O, K, G
0, K, G

G
O, K, G

G
G
G
G

O, K, G
O, K, G

G
0
G
G

0, K, G
0, K, G

0
K, G

II-5

-n



Table II-3 - Comparative Listing of Chemical Laser Codes by General Type

O, K, G* 0, K O, G K, G 0 K G

ABL AFOPTMNORO DIFF-2 AEROKNS ALFA BLAZE I
ALCHRC BCCLC DIFF-3 BLAZE III APACHE BLAZE II
ALCRRC ROPTICS BLAZE IV ARM-D GCAL BLAZE V
BLAZER COMOC-SA ARM-G HFOX BLIST
BLAZE VI COMOC-TA BARE PL MNORO CNDE
CLOQ COMOC-20NS CLSLGM NORO I GASSER
CLOQ 3D COMOC-30PNS ELNWD2 SOS GIM
CROQ DESALE-5 GENRING GLADV
DENTAL GOAD KBLIMP
GOPWR NORO-II GURDM MCLANC
HFGOPWR , ROTKIN IPAGOS TWODNOZ
MRO SAIGD LAPU-2 VIINT
RASCAL LOADPL WAP
TDLCLRC LS-14 RGS
TMRO MPCPAGOS

NCFTDPWE
OCELOT
POLRES
POLRESH
POP
PRE-WATSON
QFHT
SAIC2D
SAIC2DV
SAIFHT
SAI1D
SAI2D
TDWORRC
URINLA2

*0 - optics, K = kinetic, G = gasdynamic.

- _ _ - - -_ -_ _ _ _ _ _ _ _ _ _

~-4
-4,
M

00
z

z

02



NRL REPORT 8450

Table II-4 - Nonproprietary 2-D Codes as Functions of Basic Level of Detail and Geometry

Company Contact Telephone Number

I. 2-D Wave Optics/Kinetics/Gasdynamics Codes

Cartesian

Blazer TRW DSSG Don Bullock 213-535-3484
CLOQ 3D UTRC Paul E. Fileger 305-840-6643

Cylindrical

ABL TRW DSSG Don Bullock 213-535-3484
CLOQ 3D UTRC

II. 2-D Wave Optics/Kinetics

Cartesian

BCCLC AFWL/ALR Capt. Ted Salvi 505-264-0721
SAI2D SAI Jerry Long 404-955-2663

Cylindrical

SAIC2D SAI Jerry Long 404-955-2663
SAIC2DV SAI Jerry Long 404-955-2663
SAIFHT SAI Jerry Long 404-955-2663

III. 2-D Wave Optics

Cartesian

CLSLGM SAI Robert E. Hodder 305-283-3380

Cylindrical

BAREPL Rocketdyne Alexander Simonoff 213-884-3346
GURDM BDM Tom Ferguson 505-264-8568
LOADPL Rocketdyne Alexander Simonoff 213-884-3346
PRE-WATSON Rocketdyne Phil D. Briggs 213-884-3851
URINLA2 TRW Don Bullock 213-535-3484
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CODE SUMMARY SHEET CODENAME:

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone:_

Organization:

(213) 535-3484

TRW nqqr

Address: R1/1162 One Space Park. Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models cylindrical laoPrq

used with URINLA2. This is a URINLA2 model with gain. (See URINLA2)

AVAILABLE DOCUMENTATION: Annular Laser Mode Studies Final Report.
Program ABL User Manual, June 1978.

ABL
I

I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR'IBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator * Detailed Kinetics * Detailed Mixing

* CW Premixed
Geometrical Pulsed * Scheduled Mixing

TYPE * Physical * HF, DF Other

Other

* Standing Wave * Annular, Radially Flowing * Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

0 Annular

(Transverse Dimension) * 1 D * 1 D

GRID DIMENSION * 1 D * 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical * Cylindrical 0 Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations * MultilineTurbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
Other 0 Other

I
I
I
I
I
I
I
I
I
I



CODE NAME: AEROKNS

ORIGINATOR/KEY CONTACT:

Name: Jim Vieceli (213) 884-3851

Organization: Rockwell International-Rocketdyne Division
Address: 6633 Canoga Ave., Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Computation of small signal
gain or loaded gain from a radially flowing system for use by annular
resonator codes. Package includes aerodynamics for radial flow field.
(Used in LS-14 study, see ALCHRC).

AVAILABLE DOCUMENTATION: Annular Laser Optics Study Final Report (AFWL-
TR-77-117); Annular Laser Optics Study User's Manual: Loaded Cavity Codes.

CATEGORY
OPTICS KINETICS GASDYNAMICS

* None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics 0 Detailed Mixing

* CW Premixed
Geometrical Pulsed * Scheduled Mixing
Physical 0 HF, DF Other

* Other

Standing-Wave 0 Annular, Radially Flowing * Cylindrical, Radially Flowing

GEOMETRY C~Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY ~~~Compact Other Other

Annular

(Transverse Dimension) * 1 D 0 1 D
GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical 0 Cylindrical 0 Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors * Line Broadening * Boundary Layer
Far-Field Performance Other Shocks
Other 0 Other

I
CODE SUMMARY SHEET



CODE SUMMARY SHEET CODE NAME: AFOPTMNORO

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman/T. Salvi (AFWL)

I
I

Phone: (217) 333-1834

Organization: Univ. of Illinois, Dept. of Aeronautical & Astronautical Eng.

Address: Urbana, Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE: rrea] - l' puwet spectn.Lra I pet-

formance of CW chemical lasers by coupling an AFWL strip mirror optics

code to a rotational noneauilibrium kinetics - fluid dynamics model
(MNORO). Combined model is called AFOPTMNORO.

AVAILABLE DOCUMENTATION: "An Efficient Rotational Nonequilibrium Model

of a CW Chemical Laser," L. H. Sentman & W. Brandkamp, TR ME 79-5, UILU

Enc 79-0505. July 1979. "Users Guide for Programs MNORO and AFOPTMNORO,"

L. H. Sentman, AAE TR 79-7. UILU Enq 79-0507, October 1979.

I

I
I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE__ ___

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model
* Detailed Resonator 0 Detailed Kinetics Detailed Mixing

0 CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE 0 Physical * HF, DF 0 Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring 0 Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

Annular

(Transverse Dimension) 0 1 D 0 1 D

GRID DIMENSION 0 1 D 2D 2D

2D 3D 3D

Cartesian 0 Cartesian * Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

Aberrations Multiline Turbulent Flow
FEATURES MODELED ._ Mlin

Deformable Mirrors 0 Line Broadening 0 Boundary Layer
Far-Field Performance 0 Other Shocks

Other 0 Other

I
I
I
I
I 
I
I
I
I
I
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CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: Phil Briggs Phone: (213) 884-3851

Organization: Rockwell International-Rocketdyne Division
Address: 6833 Canoga Ave., Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: LS-14 resonator parameter
selection, assess mode control, performance predictions for power
extraction and beam quality, set/verify design requirements. Analysis of

general HSURIA with reflaxicon. Kinetics and gasdynamics modeled by

AEROKNS developed under ALOS program. See AEROKNS.

AVAILABLE DOCUMENTATION: Various.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator 0 Detailed Kinetics * Detailed Mixing

_ CW Premixed
Geometrical Pulsed 0 Scheduled Mixing

TYPE 0 Physical 0 HF, DF Other

* Other

0 Standing Wave - Annular. Radially Flowing 0 Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

* Annular

(Transverse Dimension) - 1 D I 1 D

GRID DIMENSION 0 1 D 2 D 2D

2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical 0 Cylindrical 0 Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations 0 Multiline Turbulent Flow
Deformable Mirrors * Line Broadening 0 Boundary Layer

0 Far-Field Performance Other Shocks
0 Other _ Other

*Axisymmetric Loaded Cavity HSURIA Resonator Code.

CODE NAME:| I



CODE SUMMARY SHEET CODE NAME:j

ORIGINATOR/KEY CONTACT:
Nhma- Phil D. Briqqs Phone: (213) 884-3851

Organization: Rockewell International-Rocketdvne Division

Address: 6633 Canoga Ave.. Canoga Park. California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Ring resonator parameter
selection, assess mode control. performance prediction for power andl

beam quality, set/verify design requirements. Kinetics and mixing modpli

included - see AEROKNS.

AVAILABLE DOCUMENTATION: Various.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR I B UTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
0 Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

0 CW Premixed
Geometrical Pulsed 0 Scheduled Mixing

TYPE 0 Physical 0 HF, DF Other

0 Other

Standing Wave 0 Annular. Radially Flowing 0 Cylindrical, Radially Flowing

EM Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

* Annular

(Transverse Dimensionl ) 1 D 0 1 D

GRID DIMENSION 0 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical 0 Cylindrical 0 Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations 0 Multiline Turbulent Flow
Deformable Mirrors * Line Broadening 0 Boundary Layer

0 Far-Field Performance Other Shocks
* Other 0 Other

*Axisymmetric Loaded Cavity Ring Resonator Code.

Al CRPRC*



CODE SUMMARY SHEET CODE NAME:[

ORIGINATOR/KEY CONTACT:

Name: N. L. Rapagnani

Organization: Air Force Weapons Laboratory

AL FA

ML. --- - (505) 844-9836

Address: AFWL/ARAC, Kirtland AFB. New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models any chemically

Pumped mixing laser system including electronic transition tyDes:
contains Fabrv Perot optics model.

AVAILABLE DOCUMENTATION: ALFA, AFWL-TR-78-19

CATEGORY
OPTICS KINETICS GASDYNAMICS

None None None

LEVEL * Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics * Detailed Mixing

0 CW Premixed

* Geometrical 0 Pulsed Scheduled Mixing
TYPE Physical * HF, DF 0 Other

* Other

Standing Wave Annular, Radially Flowing * Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION * 1 D 2 D 2 D

2 D 3D 3D

* Cartesian * Cartesian * Cartesian

COORDINATE SYSTEM 0 Cylindrical 0 Cylindrical 0 Cylindrical

Other Other Other

Misalignments 0 Single Line * Laminar Flow

Aberrations Multiline Turbulent Flow
FEATURES MODELED * MroBudyLe

Deformable Mirrors * Line Broadening * Boundary Layer

Far-Field Performance Other 0 Shocks

Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: N. L. Rapagnani

Organization: Air Force Weapons Laboratory

I
I

Phone: (505) 844-9836

Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models any chemically pumped
mixing laser system including electronic transition type. APACHF is the
same as ALFA except that it is time denendent. Contains Fabrv-Pernt

optics.

AVAILABLE DOCUMENTATION: APACHE, LASL-LA-7427

I
I

APACHE

I
I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

None None None
LEVEL 0 Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics * Detailed Mixing

* CW Premixed
TYPE * Geometrical 0 Pulsed Scheduled Mixing

Physical * HF, DF Other

* Other

Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY CotRing Transversely Flowing 0 Rectangular. Linearly Flowing
GEOMETRY ~~~Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 0 1 D 2 D 2 D
2 D 3 D 3 D, Psuedo

* Cartesian 0 Cartesian * Cartesian
COORDINATE SYSTEM * Cylindrical * Cylindrical Cylindrical

Other Other Other

Misalignments * Single Line 0 Laminar Flow
FEATURES MODELED Aberrations * Multiline 0 Turbulent Flow

Deformable Mirrors * Line Broadening * Boundary Layer
Far-Field Performance Other Shocks
Other O Other , Recirculating

I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET ARM-DCODENAME:

ORIGINATOR/KEY CONTACT:
r.i---. S. W 7ZlR7nv Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Resonator anal ysi s codes.
Models HSURIA and ring resonators. Uses strip propagator (r.z) in

annular leg and (r, e, z) propagator in compact leg. (See appendix C.

table 2).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR I BUTE

None None None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model
0 Detailed Resonator Detailed Kinetics * Detailed Mixing

* CW * Premixed
Geometrical Pulsed * Scheduled Mixing

TYPE Physical * HF, DF * Other

* Other

* Standing Wave 0 Annular. Radially Flowing 0 Cylindrical, Radially Flowing

G Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY * Compact Other Other

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 0 1 D 2 D 0 2 D Quasi 2D

* 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical 0 Cylindrical
Other Other Other

Misalignments Single Line 0 Laminar Flow
Aberrations 0 Multiline 4 Turbulent Flow

FEATURES MODELED .* Mlin
* Deformable Mirrors Line Broadening Boundary Layer
0 Far-Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME: ARM-r.

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelaznv

Organization: Bell Aerospace Textron
Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Resonator analysis codes.
Geometric optics code models HSURIA (with waxicons and reflaxiconn) and

rina resonators. Same caoabilitv as ACCOS-V except can be rim

interactively. (See appendix C, table 2).

AVAILABLE DOCUMENTATION:

I
I
I
I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE__

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

0 Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
0 Geometrical Pulsed Scheduled Mixing

TYPE Physical HF, OF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

G Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

0 Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D
* 2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

0 Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I
I
I

I

pL.___. (710 9Q7-ir)nn



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Nme Alexander M. Simonoff Phone: (213) 884-3346

Organization: Rocketdyne Division, Rockwell International
Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: The code was designed to
model a half-symmetric unstable resonator with an internal axicon
(HS1RTA)_ Pprfnrmancp nrindictinnq fnr hbam niialitv and mode lnos

difference, set/verify design requirements.

AVAILABLE DOCUMENTATION: 3-D Bare Cavity Resonator Code (theory and

user manual).

BAREPL

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None * None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE * Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 0 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
0 Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: CaDt. Ted Salvi Phone: (505) 844 -0721

Organization: Air Force Weapons Laboratory
Address: AFWL/ALR, Kirtland ARB, New Mexico 87115

PRINCIPALPURPOSEANDAPPLICATIONOFCODE: Models lasers with conventional
unstable resonators with round. elliptical, or rectangular apprtIlrpq
Contains CO, GDL kinetics and shock wave phase sheets.

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS

ARITE _

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model

_ Detailed Resonator 0 Detailed Kinetics Detailed Mixing

0 CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE 0 Physical HF, DF Other

* Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring 0 Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOtr

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

0 2D 0 3D 3D

* Cartesian 0 Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other OtherJ Misalignments * Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
Deformable Mirrors 0 Line Broadening Boundary Layer
Far-Field Performance Other 0 Shocks

_ Other _ Other

*Baumgardner Cartesian coordinate laser code

BCCLC*



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:
N~mvt Donald L. Bullock

BLAZER

Phone: (213) 535-3484

Organization:

Address: RI/1162, One Space Park, Redondo Beach,

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models
mance of linear bank CW HF and DF chemical lasers.

California 90278

the optical perfor-

BLASER is a 3-D

model. Used as design tools for BDL, NACL, MIRACL.

AVAILABLE DOCUMENTATION: The BLAZER and MRO Codes, TRW, June 1978

(theory). BLAZER User Manual (includes use of MRO), TRW, November 1978.

TRW DSSG

I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE__ ___

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator 0 Detailed Kinetics * Detailed Mixing

* CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE * Physical 0 HF. DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

G ERing * Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY * Compact OtherOte

Annular

(Transverse Dimension) 1 D - 1 D

GRID DIMENSION 1 D 2 D 2 D

* 2D 3D 3D

* Cartesian * Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations 0 Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer

0 Far-Field Performance Other Shocks
Other * Other

lmulle.



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

CODE NAME:j

Phone: (716) 297-1000
Organization:Bell Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 1-0 fluid codl
chemistry and no optics. Combustor and cavity analysis.

a with general
(See aDDendix

C, table 1)

AVAILABLE DOCUMENTATION:

I
I

I
I

CATEG.ORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW 0 Premixed
TYPE Geometrical Pulsed Scheduled Mixing

Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY CotRing Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact Other Other

Annular

(Transverse Dimension) 1 D * 1 D
GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent FlowFEATURES MODELEDMutln
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I

1
BLAZE I



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

Organization: Bell Aerospace Textron
Phone: (716) 297-1000

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Detailed mixing code with
general chemistry and Fabry-Perot optics. Combustor analysis and
cavity analysis. (See appendix C. table 1).

AVAILABLE DOCUMENTATION:

BLAZE II

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IBUTE

None None None

LEVEL 0 Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics 0 Detailed Mixing

CW * Premixed
Geometrical Pulsed * Scheduled Mixing

TYPE Physical HF, DF 0 Other

Other

Standing Wave Annular, Radially Flowing * Cylindrical, Radially Flowing

GEOMETRY C~Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D * 1 D

GRID DIMENSION 1 D 2D 2D
2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line 0 Laminar Flow
FEATURE MODELE Aberrations Multiline * Turbulent FlowFEATURES MODELEDMutln

Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelaznv Phone: (716) 297-1000

Organization: Bell Aerospace Textron
Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 2-D mixing code with general
chemistry. Combustor nozzle, cavity, diffuser, and ejectors analysis.
No optics. (See appendix C. table 1).

AVAILABLE DOCUMENTATION:

BLAZE III

I

CATEGORY
ATTRIB~UTE OPTICS KINETICS GASOYNAMICS

0 None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics 0 Detailed Mixing

CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE Physical HF, DF 0 Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY CoaRing Transversely Flowing Rectangular, Linearly Flowing

GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 0 2 D

2 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline 0 Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer
Far-Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODE NAME: 1

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.O. Box 1. Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 2-D mixing code with general
chemistry. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:,

BLAZE IV

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATRBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF 0 Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 1 0 1 D

GRID DIMENSION 1 D 20 2 D

2D3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline * Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name:. S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 2-D mixing finite difference

code used for nozzle, fluid, and thermal analysis. (See appendix C,

table 1).

AVAILABLE DOCUMENTATION:

CATEGORY

ATTRIBUTE
OPTICS

* None
LEVEL Simple Fabry Perot

Detailed Resonator

Geometrical
TYPE Physical

Standing Wave
Ring

GEOMETRY Compact

Annular

Transverse Dimension)
GRID DIMENSION 1 D

2D

Cartesian

COORDINATE SYSTEM Cylindrical
Other

Misalignments
Aberrations

FEATURES MODELED
Deformable Mirrors
Far-Field Performance
Other

KINETICS

Simple Saturated Gain
Detailed Kinetics

CW

Pulsed

HF. OF

Other

Annular, Radially Flowing
Transversely Flowing
Other

1 D

2D
3D

GAS DY N AM ICS

0

None
Simple Flow Model
Detailed Mixing

Premixed
Scheduled Mixing
Other

Cylindrical, Radially Flowing
Rectangular. Linearly Flowing
Other

1 D

2D
3D

Cartesian Cartesian
Cylindrical Cylindrical
Other Other

Single Line * Laminar Flow

Multiline Turbulent Flow
Line Broadening 0 Boundary Layer

Other Shocks
Other

BLAZE V

I
1

I
I

I
I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME:; BLAZE VI

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron
A AA-- P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: _

3-D optics and mixing code using finite difference, FFT, and rotational

nonequilibrium models for optics and fluid analysis. (See appendix C,

table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTR IB UTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE 0 Physical HF, DF * Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

0 2D 3D 0 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line _ Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening * Boundary Layer
Far-Field Performance Other Shocks

Other Other

aunt can.



CODE SUMMARY SHEET CODE NAME:j

ORIGINATOR/KEY CONTACT:

Name: R. Hughes/D. Haflinger/H. W. Behrens Phone: (213) 536-2757

Organization: TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: BLIST (Boundary Layer Inte-

gral Solution Technique) calculates nonsimilar development of 2-D or

axisvmmetric compressible laminar boundary layers with wall heat transfer.

AVAILABLE DOCUMENTATION: Internal Report: "A Description of the Laminar
Intearal Boundary Layer Model," TRW Report, August 1977.

CATEGORY
ATTRIBU`TE OPTICS KINETICS GASDYNAMICS

_ None - None None
LEVEL Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
TYPE Geometrical Pulsed Scheduled Mixing

Physical HF, DF * Other

Other

Standing Wave Annular, Radially Flowing 0 Cylindrica?. Radially Flowing

GEOMETRY CoaRing Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 0

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other * Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer
Far-Fiteld Performance Other Shocks
Other Other

I
I

I
I
I
I
I
I

BLIST



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Natme: Paul E. Fileqer

CODE NAME: CLOQ

Phone: (305) 840-6643

Organization: United Technologies Research Center

Address: P.O. Box 2691, MX-R48, West Palm Beach, Florida 33402

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

The CLOQ code was developed to analyze linear chemical laser systems

ising rotational nonecuilibrium kinetics.___________

AVAILABLE DOCUMENTATION: R. J. Hall, "Rotational Nonequilibrium and Line-

Selected Operation in CW DF Chemical Lasers," IEEE JQE, Vol QE-12, p 453

(1976)

CATEGORY
OPTICS KINETICS GASDYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

0 Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

* CW Premixed

TYPE Geometrical Pulsed * Scheduled Mixing
T Physical 0 HF. OF Other

Other

* Standing Wave * Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY Ring 0 Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY * Compact Other Other

* Annular

(Transverse Dimension) 0 1 D 0 1 D

GRID DIMENSION 0 1 D 2 D 2 D

2D 3D 3D

* Cartesian 0 Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical 0 Cylindrical
Other Other Other

* Misalignments 0 Single Line 0 Laminar Flow

FEATURES MODELED * Aberrations 0 Multiline 0 Turbulent Flow
* Deformable Mirrors 0 Line Broadening Boundary Layer
* Far-Field Performance Other Shocks

* Other 0 Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: Paul E. Fileger Phone:_

Ornanizatinn: United Technologies Research Center

(305) 840-6643

Address: P.0. Box 2691, MS-R-48, West Palm Beach, Florida 33402
-G n-on : - … :_ ._--iI..J

PRINCIPAL PURPOSE AND APPLICATION OF CODE: lLUt4.U Ili a [n InPUL SCneUUIeU

code for analyzing HEL chemical lasers using wave optics coupled to rota-

tional nonequilibrium kinetics or to equilibrium kinetics (HF or DF).

AVAILABLE DOCUMENTATION: User's manual to be published in February 1980.

I
I

CLO03D I
I
I
I
I

CATEGORY
ATT'RIBUTE OPTICS KINETICS GASDYNAMICS

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0 Detailed Kinetics * Detailed Mixing

0 CW Premixed

TYPE * Geometrical Pulsed 0 Scheduled Mixing
TYPE 0 ~~~Physical 0 HF. DF Other

Other

Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY 0 Ring 0 Transversely Flowing * Rectangular, Linearly Flowing
* Compact Other Other

* Annular

)Transverse Dimension) _ 1 D 0 1 D

GRID DIMENSION 1 D 2D 2D
* 2D 3D 3D

* Cartesian * Cartesian 0 Cartesian
COORDINATE SYSTEM 0 Cylindrical 0 Cylindrical 0 Cylindrical

* Other Other Other

_ Misalignments 0 Single Line 0 Laminar Flow

FEATURES MODELED * Aberrations * Multiline * Turbulent Flow
* Deformable Mirrors * Line Broadening Boundary Layer
* Far-Field Performance Other Shocks
* OthOther Other

I
I
I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME: CLSLGM*

ORIGINATOR/KEY CONTACT:

Name: Peter R. Carlson/Robert E. Hodder Phone: (305) 283-3380

Organization: Science Applications Inc.

Address: 201 SW Monterey Rd., Suite 30, Stuart, Florida 33494

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Assess optical performance of

MIRACL device before. during, and after acceptance testing

Essentialvy same theory/formalism developed by Sziklas

and Sieaman for the Pratt & Whitney SOQ codes.

AVAILABLE DOCUMENTATION: "Chemical-Laser Scaling - Law Gain Model

Analysis." P. Carlson and R. Hodder. SAI Technical Memorandum to 0.

Finkleman and J. Streaack (September 25. 1979).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE _

None None * None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

* CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE 0 Physical * HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring * Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

0 2 0 3 D 3 D

* Cartesian 0 Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments 0 Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks

_ Other Other

*Chemical-Laser Scaling - Law Gain Model



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

N1ma- S. W. Zelaznv

CODE NAME: CNCDE

______Phone: (716) 297-1000

Organization: Bell Aerospace Textron
P.O. Box 1. Buffalo. New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:-

1-D flow analysis code analysis of combustor,nozzle, cavity, diffuser
and ejectors. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:

I

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTR IB UTE

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW G Premixed
TYPE Geometrical Pulsed Scheduled Mixing

TYPE Physical HF, F Other

OtheO

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D * 1 0

GRID DIMENSION 1 D 2 D 2 D

20 3D 3D

Cartesian Cartesian Cartesian
COORDINAtE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED Mlin
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME: COMOC-SA

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

Organization: Bell Aerospace Textron
Phone: (716) 297-1000

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ _

2-D finite element code for the structural analysis of combustor, nozzle

and optics. (See appendix C, table 1.)

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE 

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact Other Othe

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

1



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

CODE NAME: COMOCTA

Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

2-D thermal analysis (finite element) code used to analyze combustor,
nozzle and optics. (See appendix C. table 1.)

AVAILABLE DOCUMENTATION:.

I
I
I
I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR I BUTE

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C oRing Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED Mlin
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I

I
I
I
I
I

1



CODE SUMMARY SHEET
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ORIGINATOR/KEY CONTACT:

KIm- SS. W. Zelazny (716) 297-1000

Bell Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:.

with simole chemistry used for cavity and

2-D finite element mixina code

diffuser/e-iector analysis (See
aDoendix C. table 1)

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE

* None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics _ Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF * Other

Other

Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2D 0 2D
2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line * Laminar Flow

Aberrations Multiline * Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

Far-Field Performance Other Shocks

Other Other

.Phone:



CODE SUMMARY SHEET CODE NAME COMOC-3DPNS

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

Organization: Bell Aerospace Textron
Phone: (716) 297-1000

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

3-D mixing code, finite element with simple chemistry used for combustor
and cavity analysis (See appendix C. table 1.)

AVAILABLE DOCUMENTATION:

1

I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE_

* None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics 0 Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
Physical HF, OF 0 Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C oRing Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2 D 3 D 3 D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline 0 Turbulent Flow
Deformable Mirrors Line Broadening * Boundary Layer
Far-Field Performance Other Shocks
Other 0 Other

I

I
I
I

I
I
I



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-3484

Organization: TRW DSSG

Address: R1/1162 One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Models HSURIA and ring resonator with mode rotation. Intended to be a

resonator design code for maximizing focusability and power of output

beam as a function of gain generator and resonator parameters.

AVAILABLE DOCUMENTATION: Planned. Annual Laser Model Studies (final report

for axicon theory. alianed and misalianed).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0 Detailed Kinetics * Detailed Mixing

* CW Premixed
TYPE Geometrical Pulsed Scheduled Mixing

* Physical * HF, OF Other
Other ~ ~ ~ ~ ~~Ote

* Standing Wave 0 Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular, Linearly Flowing
* Compact Other Other

_ Annular

(Transverse Dimension) * 1 D * 1 D
GRID DIMENSION 0 1 D* 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical * Cylindrical * Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations 0 Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
* Other * Other

CROQ



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Captain Ted Salvi Phone: (505) 844 -0721

Organization: Air Force Weapons Laboratory

Address: AFWL/ALR, Kirtland AFB. New Mexico 87115

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Laser kinetics calculations with strip unstable resonator. Can select
Co0. HF/DF, or KrF kinetics.

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain * Simple Flow Model
* Detailed Resonator * Detailed Kinetics Detailed Mixing

* CW 0 Premixed
Geometrical 0 Pulsed Scheduled Mixing

TYPE * Physical 0 HF. DF Other

* Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY * Compact Other Other

Annular

(Transverse Dimension) 1 D 0 1 D

GRID DIMENSION 1 D 2D 2D

2D 3D 3D

Cartesian Cartesian * Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments 0 Single Line * Laminar Flow

FEATUR ES MODELED * Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

I* Far-Field Performance Other Shocks

* Other 0 Other
I
I
I

CODE NAME:



CODE SUMMARY SHEET CODENAME:DE
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ORIGINATOR/KEY CONTACT:

Name: M. Epstein

Organization: Aerophysics Laboratory, The Aerospace Corporation

Address: P.O. Box 92957, Los Angeles, California 90009

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Calculation of CW and pulsed chemical laser performance.

AVAILABLE DOCUMENTATION: DESALE-5: A Comprehensive Scheduled Mixing

Model for CW Chemical Laser. M. Epstein, Aerospace Corporation Report

SAMSO-TR-79-31. May 1. 1979. User Manual, SAMSO TR-75-60, W. D. Adams,

et al. February 20. 1975.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

None None None

LEVEL * Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics 0 Detailed Mixing

* CW Premixed

0 Geometrical 0 Pulsed * Scheduled Mixing
TYPE Physical * HF, DF Other

0 Other

Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY Compact Other 0 Other

Annular

(Transverse Dimension) 1 D * 1 D

GRID DIMENSION 1 D 2 D 2 D

2 D 3D 3D

* Cartesian 0 Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments 0 Single Line * Laminar Flow

Aberrations * Multiline 0 Turbulent Flow
FEATURES MODELED

Deformable Mirrors * Line Broadening * Boundary Layer

Far-Field Performance Other Shocks

Other 0 Other

(213) 648-6861



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelaznv Phone: (716) 297-1000 I
Organization: Bell Aerospace Textron
Address: P.O. Box 1. Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:.

2-D Instable resonator optiCs coupled to mixing model. OptiCs ussp FFT
Used to analy7p optics. (See appendix C- table 1.)

AVAILABLE DOCUMENTATION:C U

I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
TYPE Geometrical Pulsed * Scheduled Mixing

* Physical HF.DOF Other
Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly FlowingGEOMETRY Compact Other Other
Annular

(Transverse Dimension) 1 D 1 D
GRID DIMENSION 1 D 2 D 2 0

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline 0 Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far- Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I
I
I
I
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CODE SUMMARY SHEET CODE NAME: j TEE-1

ORIGINATOR/KEY CONTACT:

Name: IR W. 7platny (716) 297-1000

Organization: Re11 AernspAPce Textron

Address: P.O. Box 1. Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ .

Samp as DIFF-2 exceot 3-D mixing. (See appendix

AVAILABLE DOCUMENTATION:

C. table 1).

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE _ ___________

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premixed

Geometrical Pulsed 0 Scheduled Mixing
TYPE Physical HF, DF Other

Other

Standing Wave Annular. Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 0 2 D 2 D

* 2D 3D * 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line * Laminar Flow

Aberrations Multiline * Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

Far-Field Performance Other Shocks
Other Other

I



CODE SUMMARY SHEET ICODE NAME: ELNWD2

ORIGINATOR/KEY CONTACT:

Name: John Ellinwood

Organization: The Aerospace Corporation

Address: P.O. Box 92957, Los Angeles, California 90009

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Computer transverse eigenmodes of bare annular resonators. Simple gain

mnrtl fn hea iddpH

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR'IBUTE

None 0 None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE * Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

nL----. (911) AAP-7qQl



CODE SUMMARY SHEET CODE NAME:GASSER

1~ ~ ~ ~ ~ ~ ~~~~~~-1

ORIGINATOR/KEY CONTACT:

Name: D. Haflinaer/P. Lohn nl- -r- - (213) 536-1624

Organization: TRW DSSG

Address: R1/1038. One Space Park. Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ _

Inviscid flow code using the method of characteristics and accnconts for

heat release. Tt is used for cavity flows with heat release defining

shroud contours flow conditions at end of cavity, etc.

AVAILABLE DOCUMENTATION: None

OPTICS KINETICS GASDYNAMICS
ATTRIBUTE

* None * None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing

CW 0 Premixed
Geometrical Pulsed Scheduled Mixing

TYPE Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2 D 3D 3D

Cartesian Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

Other * Other



CODE SUMMARY SHEET CODE NAME: GCAL

ORIGINATOR/KEY CONTACT:

Name: Kerry E. Patterson Phone: (404) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: To provide extremely efficient
single-line gain algorithm which is anchored to available data base for
nozzle being studied. Used with SAIGD.

AVAILABLE DOCUMENTATION: HF Laser Subsystem Technology Assessment (DARPA
Interim Report), Science Applications, Atlanta, Georgia, July 1979, Section 3.

1

CATEGORY
OPTICS KINETICS GASDYNAMICSATTRIBUTE _ _

0 None None * None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator 0 Detailed Kinetics Detailed Mixing

* CW Premixed
TYPE Geometrical Pulsed Scheduled Mixing

Physical 0 HF. DF Other

Other

Standing Wave * Annular. Radially Flowing Cylindrical. Radially Flowing

GEOMETRY . Ring 0 Transversely Flowing Rectangular, Linearly Flowing
Compact Other Other
Annular

(Transverse Dimension) 1 D 1 D
GRID DIMENSION 1 D .2 0 2 D

2D 3D 3D

Cartesian 0 Cartesian Cartesian
COORDINATE SYSTEM Cylindrical 0 Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I

I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME: GENRING
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ORIGINATOR/KEY CONTACT:

Name: Carl M. Wiggins Phone: (505) 848-5000

Organization: The BDM Corporation

Address:1801 Randolph Road, S.E., Albuquerque, New Mexico 87106

PRINCIPALPURPOSEANDAPPLICATIONOFCODE: Models ring resonators utilizing
pairs of linear and nonlinear axicons (reflaxicons. waxicons) to produrce an
annular nain reaisn Ised in ring resnnator candidate trade-off qtIldiePss

effects, of snatial filterina on mode control. andto stuldv conceot ocf~

AVAILABLE DOCUMENTATION: GENRING: a computer code for Modeling Cylindri-
cal Unstable Ring Resonators With Internal Reflecting Axicons, BDM/TAC-

79-152-TR. The RDM Corporation, May 1, 1974

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IBUTE

None None * None

LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model
0 Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
TYPE Geometrical Pulsed Scheduled Mixing

TYPE * Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY C oRing Transversely Flowing Rectangular. Linearly FlowingGEOMETRY * Compact Other Other
* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
_ Other Other

1crr;4nav,1 nnov-+iira calf-imnriinn



CODE SUMMARY SHEET CODE NAME: GIM |

ORIGINATOR/KEY CONTACT:

Name* D. W. Lankford Phone: (505) 844 -9836

Organization: Air Force Weapons Laboratory

Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Laser cavity and nozzle

analysis. Will eventually combine multidimensional viscous diffusing,
time-dependent flows with the chemical kinetics capabilities of ALFA and
APACHE codes.

AVAILABLE DOCUMENTATION: To become available.

I

CATEGORY
OPTICS KINETICS GASDYNAMICS

_ None _ None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premised
Geometrical Pulsed Scheduled Mixing

TYPE Physical HF. DF Other

Other

Standing Wave Annular, Radially Flowing * Cylindrical. Radially Flowing

GEOMETRY C oRing Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D * 1 D

GRID DIMENSION 1 D 2 D* 2 D

2D 3D 3D

Cartesian Cartesian * Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical * Cylindrical

Other Other Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline * Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer
Far-Field Performance Other 0 Shocks
Other 0 Other, Recirculating

I
i
I
I
I
I



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

CODE NAME: LLAN

Name: R. Hughes/D. Haflinger/H. W. Behrensphone: (213) 536-2757

Organization: TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: _

General laser analysis to calculate average flow properties in nozzle
and in cavitv.

AVAILABLE DOCUMENTATION: None

'P

'P
C:11
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CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE 

_ None None None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical 0 HF, OF * Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C~Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOhe

Annular

(Transverse Dimension) * 1 0 * 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian 0 Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line 0 Laminar Flow

Aberrations Multiline Turbulent Flow
FEATURES MODELED Ml~n

Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance 0 Other Shocks

Other Other

1



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name:. S. W. Zelazny

CODE NAME: GOAD

Phone: (716) 297-1000 1
Organization: Bell Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

PRsnnator AnAlvci< cnde. (See Annendiy C tahle 2)

AVAILABLE DOCUMENTATION:

I
I
I

I
I
I

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTR IB UTE

None * None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing

_ GeometrilCW Premixed
*YPE Geometrical Pulsed Scheduled Mixing

TYPE Physical HF. DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C~Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

* 2 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME: GOPWR

ORIGINATOR/KEY CONTACT:

Name: Tien Tsai Yang/J. K. Hunting Phone: (213) 884-3346

Organization: Rockwell International/Rocketdyne Division

Address: 6633-Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Predict optical performance of

CW chemical lasers, identify physical parameters affecting power extraction

efficiency and gain saturation. (Also see HFGOPWR).

AVAILABLE DOCUMENTATION: GOPWR: A Computational Program to Calculate

the Performance nf CW Chemical lasers, AFWI--TR-79-142

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTR IB UTE _

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator * Detailed Kinetics * Detailed Mixing

CW Premixed

T Geometrical Pulsed Scheduled Mixing
TYPE Physical 0 HF, OF Other

* Other

* Standing Wave * Annular, Radially Flowing * Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular. Linearly Flowing
GEOMETRY 0 compact OtherOte

* Annular

(Transverse Dimension) 0 1 D * 1 D

GRID DIMENSION * 1 D 2 D 2 0

2D 3D 3D

Cartesian 0 Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical 0 Cylindrical
Other Other Other

Misalignments 0 Single Line Laminar Flow

Aberrations * Multiline Turbulent Flow
FEATURES MODELED Budr ae

Deformable Mirrors * Line Broadening * Boundary Layer

Far-Field Performance Other Shocks

* Other 0 Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:
T- P. R. Ferauson and G. T. Worth

I

Phone: (505) 848-5000 1
Organization: The BDM Corporation

Address:1 8 0 l Randolph Road. S.E.. Albuquerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Originally designed to model
Pratt & Whitney's intercavity adaptive optics experiments. Models base
cavity compact beam resonators with circular and mirrors and one or two

internal deformable mirrors. A far-field code includes external deformable
mirror. tilt removal. ootimim focus. etc.

AVAILABLE DOCUMENTATION: General Unstable Resonator with Deformable

Mirrors (Program GURDM). T. R. Ferguson. et al; The BDM Corporation,
BDM/TAC-79-193-TR, March 31, 1979.

I
I

GURDM

I
I

I

I
CATEGORY

OPTICS KINETICS GASDYNAMICS
ATTR IBUTE

None None 0 None

LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE 0 Physical HF. DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular, Linearly Flowing
G Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 0 2 0 2D

* 20 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks
_ Other Other

I
I

I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME:j HFGOPWR

c'
r'

:X

4_1

ruM

, e:M

ORIGINATOR/KEY CONTACT:

Name: J. K. Hunting/T. T. Yang Phone: (213) 884-2370

Organization: Rockwell International - Rocketdyne Division

Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Calculational tool to study

the performance of CW chemical lasers and the interaction with the gain

medium. Uses geometric optics and quasi-l-D aerokinetics to model HSURIA

resonator. Also see GOPWR.

AVAILABLE DOCUMENTATION: Rocketdyne Internal Letter G-SL-77-509, October

5. 1977 (theory); Rocketdyne Internal Letter G-0-78-937, January 24,

1978 (user manual).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0 Detailed Kinetics * Detailed Mixing

CW Premixed

T Geometrical Pulsed Scheduled Mixing
TYPE . .Physical 0 HF DF Other

* Other

* Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY 0 Compact Other Other

* Annular

(Transverse Dimension) * 1 D - 1 D

GRID DIMENSION * 1 D 2D 2 D

2 D3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical * Cylindrical * Cylindrical
Other Other Other

Misalignments * Single Line Laminar Flow

FEATURES MODELED Aberrations * Multiline Turbulent Flow
Deformable Mirrors 0 Line Broadening * Boundary Layer
Far-Field Performance Other Shocks

* Other * Other



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
NMe James B. Moreno Phone: (505) 264-4259

Organization: 4212, Laser Projects Division, Sandia Laboratories
Address: Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Predict oscillator and amplifier
performance for Sandia Laboratories hydrogen flouride fusion laser program.

AVAILABLE DOCUMENTATION: AIAA paper 75-36, presented at AIAA 13th
Aerospace Sciences Meeting, Pasadena, California, January 20, 1975.

J. R. Moreno. author.

I

CATEGORY
ATTRI'BUTE OPTICS KINETICS GASDYNAMICS

* None None 0 None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical * Pulsed Scheduled Mixing
Physical * HF, OF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY CotRing Transversely Flowing Rectangular. Linearly Flowing

GEOMETRY ~~~Compact Other Other

Annular

(Transverse Dimension( 1 D 1 D

GRID DIMENSION 1 D 2 D 2 0

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations * Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer
Far-Field Performance * Other Shocks
Other Other

I
I
I

I
I
I
I
I
I

HFOXCODE NAME:



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT: *

Naqme: D. N. Mansell Phn-. (505)848-5000

Organization: The BQM Corporation

Address: 1801 Randolph Road, S.E. . Albuquerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Geometric ray trace analysis

of general optical systems; can model nonlinear beam compactors of
reflaxicon. waxicon. and nonevertina waxicon designs.

AVAILABLE DOCUMENTATION: POLYPAGOS, Aerospace Report TR-0059 (6311)-l.

Beam Compactor DesiQn and Fabrication Program AFWL-TR-78-77. Geometric

Ray Analyses of HSURIA Prototypes, BDM/TAC-79-151-TR; POLYPAGOS Users'

Manual, Aerospace TR-0172 (2311)-1.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IBUTE 

None * None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE * Geometrical Pulsed Scheduled Mixing
Physical HF, OF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

G Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 compact Other Other

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

* 2D 3D 3D

_ Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

_ Misalignments Single Line Laminar Flow

Aberrations Multiline Turbulent Flow
FEATURES MODELED Mlin

Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

0 Other Other

*Also: Kemp, TRW, One Space Park, Redondo Beach, California.

CODE NAME:|



CODE SUMMARY SHEET CODE NAME: KBLIMP

ORIGINATOR/KEY CONTACT:

Name: H. Tong/A. C. Buckingham/H. L. Morsephone: (415) 964-3200

Organization: Aerotherm Division of ACUREX

Address: Mountain View. California

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Boundary layer anal ysis.
Nonequilibrium chemistry (KINETIC) Boundary Layer Integral Matrix Pro-
cram (KBLIMP).

AVAILABLE DOCUMENTATION: Nonequilibrium Chemistry Boundary Layer Inte-
gral Matrix Procedure. Aerotherm Report, UM7367, July 1973.

I
I
I
I
I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIB__

* None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics 0 Detailed Mixing

CW Premixed

Geometrical Pulsed 0 Scheduled Mixing
TYPE Physical HF, DF Other

* Other

Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY Ring Transversely Flowing * Rectangular, Linearly Flowing
Compact 0 Other Other
Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 0 2 D 0 2 D

2 D 3D 3D

Cartesian Cartesian * Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical 0 Cylindrical

Other 0 Other 0 Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline * Turbulent Flow
Deformable Mirrors Line Broadening * Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME: LAPU-2 |

ORIGINATOR/KEY CONTACT:

Name: John C. Goldstein. D. 0. Dickman Phone: (505) !67-7?R1
Organization: Los Alamos Scientific Laboratory

Address: Group X-1, MX-531, LASL, Los Alamos, New Mexico 87545

PRINCIPAL PURPOSE AND APPLICATION OF CODE: _

Calculation of the propagation of a short pulse down a chain of laser
mn1lifiyrs and abhszrrhorbr incliudinn diffraction effects: cvlindrical

symmetry assumed.

AVAILABLE DOCUMENTATION: LAPU2: A Laser Pulse Propagation Code with
Diffraction, LASL Report LA-6955.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE__

None None 0 None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator * Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical 0 Pulsed Scheduled Mixing
TYPE 0 Physical HF, DF Other

* Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY 0 Ct~Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~ Compact Other Other

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 0 1 D 2 D 2 D

2 D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

0 Far-Field Performance Other Shocks
_ Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

NMr Alexander M. Simonoff

LOADPL

Phone: (213) 884-3346

Organization: Rocketdvne Division. Rockwell International

Address: 6633 Canoaa Avenue. Canoaa Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: The Purpose of this code is to
model some of the 3-D phenomenology associated with Half Symmetric Unstable
Resonator with Internal Axicon (HSURIA) with a radially flowing gain

medium, performance predictions for power extraction and beam quality,

set/verifv dezian reui~irements

AVAILABLE DOCUMENTATION: Simplified 3-D loaded cavity resonator code,
G-0-78-1123, November 1978. Also see bare cavity code BAREPL.

1

CATTEORI B OPTICS KINETICS GASDYNAMICS
ATTR'I BUTE

None None 0 None
LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model

* Detailed Resonator _ Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
* Physical HF. OF

Other Other

0 Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY * C~Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 ~~Compact Other Other

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2 D 3 D 3 D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

0 Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
0 Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks

Other Other
I

I



CODE SUMMARY SHEET CODENAME: 1 LS-14RGS*

!2.)~~1 m~~1
ORIGINATOR/KEY CONTACT:

Name: Victor L. Gamiz F

Organization: Rocketdyne, Laser Optics

Address: 6633 Canoga Avenue, Canoga Parl

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

analysis in order to determine the geometric

Phone: (213) 884-3346

k, California 91304

Performs an exact ray trace
configuration of a HSURIA type

resnnator with a ray redistributing reflaxicon beam compactor assembly.
Provides aeometrv data to wave optics HSURIA codes.

AVAILABLE DOCUMENTATION: Resonator Geometry Synthesis Code Requirement

(V. L. Gamiz); Incorporate General Resonator into Ray Trace Code (W. H.

Southwell); Surface Optimization Algorithms and Equations (W. H. Southwell);

Eauations for Wave Optics Code Parameters (V. L . Gamiz), User Manual;

Resonator Geometry Synthesis Code Development (L. R. Stidham).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IBUTE_
None * None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

T Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, OF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY * ComaRing Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY * ~~Compact OtherOte

* Annular

(Transverse Dimensionl 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

0 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

Aberrations Multiline Turbulent Flow
FEATURES MODELED Mlln

Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

* Other Other

*LS-14 Resonator Geometry Synthesizer

- -



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Nme R. Huahes/H. W. Behrens

CODE NAM MCLANC

Phone: (213) 536-1624 1
Organization: TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Direct simulation Monte Carlo laser analysis code. Models real gas
flow by trackina several thousand simulated molecules. Primarily used

for modeling nozzle flows with large base regions and low pressure regions

in hvnersnnic wedae wakes.

AVAILABLE DOCUMENTATION:

"Chemical Lazer Nozzle and Cavity Calculation by the Direct Simulation
Monte Carlo Method," T. Sugimura, et. al, presented at AIAA Conference on

High Power Lasers. October 31-November 2. 1978, Cambridge, Massachusetts.

I
I
I

3

I
I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IBUTE

* None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

* CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE Physical 0 HF DF * Other

0 Other

Standing Wave Annular, Radially Flowing 0 Cylindrical. Radially Flowing

GEOMETRY Co 9 *Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY ~~~Compact 0 OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian 0 Cartesian * Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer
Far-Field Performance 0 Shocks
Other 0 Other

I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODENAME:j MNOnO

2-
r-t

_
<._1
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. C~~~~~~~~~17

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman Phone: (217) 333-1834

Organization: University of Illinois, Dept. of Aeronautical & Astronautical
Address: Urbana. Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Rotational nonequilibrium
kinetics - fluid dynamics model. Used with AFWL strip mirror code to
predict power spectral performance of CW chemical lasers.

AVAILABLE DOCUMENTATION: "An Efficient Rotational Nonequilibrium Model
of a CW Chemical Laser," L. H. Sentman and W. Brandkamp. TR AAE 79-5.

UILU Eng. 79-0505. July 1979. "Users' Guide for Procrams MNORO and

AFOPTMNORO." L. H. Sentman. ME TR-79-7. UILU Eng. 79-0507. October 1979.

Eng.

CTGRY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL 0 Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model
Detailed Resonator * Detailed Kinetics Detailed Mixing

* CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE Physical 0 HF. DF * Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring 0 Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 0 1 D _ 1 D

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian 0 Cartesian 0 Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors 0 Line Broadening * Boundary Layer
Far-Field Performance Other ShocksOthOtht * Other



CODE SUMMARY SHEET CODE NAME: I
IORIGINATOR/KEY CONTACT:

Name: D. N. Mansell and C. C. Barnard Phone: (505) 848-5000

Organization: The BDM Corporation

Address:l8Ol Randolph Road. S.E., Albuquerque. New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

ralrlulatesq (misalignment) sensitivity coefficients for general optical
train. Relates output ray motions to individual optical element motions
in six decrees of freedom. Used in conjunction with NASTRAN to predict
beam uitter effects through a integrated optics/structures approach.

I

I
AVAILABLE DOCUMENTATION: O

MPCPAGOS Users' Manual, BDM/TAC-78-727-TR. Final Task Report for Sensi-
tivitv Analyses of the ALL Ortical Train. BDM/TAC-78-793-TR. _I

I
I
I
I
I
I
I
I
I
I

I
I

MPCPAGOS

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

None 0 None 0 None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

_ Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
* Geometrical Pulsed Scheduled Mixing

Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY * C~Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY * ~~Compact OtherOte

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

. 2D 30 3 D

0 Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED Mlcn
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

* Other Other



CODE SUMMARY SHEET CODE NAME:[

ORIGINATOR/KEY CONTACT:

RIm. - lrnnn, ri I - RlIllnrk Phone: (213) 53I-3484

TRW DSSG

Address: R1/1162. One Soace Park. Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models the opti cal performance

of linear bands CW. HF. and DF chemical lasers. MRO is similar to BLAZER,

except it is a 2-D model. Used as designtool for BDL, NACL, and MIRACL.

AVAILABLE DOCUMENTATION: The BLAZER and MRO Codes. TRW. June 1978 (theory).

RI A7FR Ikern Manulal (incllldeq lI;P of MRO)_ TRW, Novemher 197R.

MRO

row

_4.1

"t

rM1

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL 0 Simple Fabry Perot Simple Saturated Gain Simple Flow Model
0 Detailed Resonator * Detailed Kinetics * Detailed Mixing

0 CW Premixed

0 Geometrical Pulsed 0 Scheduled Mixing
TYPE Physical * HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

G Ring * Transversely Flowing * Rectangular, Linearly Flowing
GEOMETRY * Compact Other Other

Annular

(Transverse Dimension) 1 D * 1 D

GRID DIMENSION 0 1 D 0 2D 2 D
20 3D 3D

0 Cartesian 0 Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

0 Misalignments Single Line Laminar Flow

F Aberrations Multiline Turbulent Flow
FEATURES MODELED _ Mlin

Deformable Mirrors 0 Line Broadening Boundary Layer
0 Far-Field Performance 0 Other Shocks

Other _ Other



CODE SUMMARY SHEET CODE NAME:j

ORIGINATOR/KEY CONTACT: **
Name: F. D. Toppert/John C. Goldstein Phone: (505) 667-7281

Organization: Los Alamos Scientific Laboratory

Address: Group X-1. MS-531. Los Alamos. New Mexico 87545

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Study of wavefront distortions
during propagation through amplifying self-focusing materials. Code could

be extended to resonator calcutlations. hit does not crirrPnliv have anv

optical elements or saturable gain models included.

AVAILABLE DOCUMENTATION: A Numerical Code for the Three-Dimensional
Parabolic Wave Equation. John C. Goldstein, LASL. LA-6833-MS.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
TYPE Geometrical Pulsed Scheduled Mixing
TYPE 0. * Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY * Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY 0 ~~compact Other Other

Annular

(Transverse Dimension) 1 D 1 D
GRID DIMENSION 1 D 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

_ Other Other

*Numerical Code for the Three-Dimensional Parabolic Wave Equation.

**Now at University of Miami, Miami,Florida.

I
I
I
I
I
I
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CODE SUMMARY SHEET CODE NAME: 1 .

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman/S. W. Zelaznv* Phone: (217) 31-12R14

Organization: University of Illinois, Dept. of Aeronautical & Astronautical Eng.

Address: Urbana, Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Qualitative Rotational noneQui-
librium kinetics and fluid dynamics model coupled with RP11 Aprnrqp;c

strip optics code. See ROPTICS

AVAILABLE DOCUMENTATION: Applied Optics 17, p. 2244 (1978): J. Chem.

Phys. 62, p. 3523 (1975); Applied Optics 15, p. 744, (1976); J. Chem. Phys.

67 p. 966 (1977).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE 

None None None

LEVEL 0 Simple Fabry Perot Simple Saturated Gain * Simple Flow Model
Detailed Resonator * Detailed Kinetics Detailed Mixing

* CW 0 Premised

Geometrical Pulsed Scheduled Mixing
TYPE Physical 0 HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring 0 Transversely Flowing * Rectangular. Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Dimension) 0 1 D * 1 D

GRID DIMENSION 1 D 2 D 2 D

20D 3D 3 D

Cartesian 0 Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED * Mlln
Deformable Mirrors * Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

*Bell Aerospace Textron

Nnpn-T
I
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CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny

Organization: Bell Aerospace Textron

CODE NAME: NORO-IH

Phone: (716) 297-1000

Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 1 -D mixing modelcornled to
rotational nonequilibrium chemistry and Fabry-Perot models. Used for
optical cavity analysis. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:_

I

CATE~GORY
OPTICS KINETICS GASDYNAMICS

None None None
LEVEL * Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed * Scheduled Mixing
Physical HF, DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY . Co aRing Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact OtherOte

Annular

(Transverse Dimension) 1 D * 1 D
GRID DIMENSION 1 D 2 D 2 0

2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline 0 Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

l

I

I
I



CODE SUMMARY SHEET CODE NAME:

C:1

F-

4-s

ICELOT -
OCELOT Ir

ORIGINATOR/KEY CONTACT:
r ..-. David Fink (213) 391-0711. X6925

Organization: Hughes Aircraft Company

Address: Culver City, California 90230

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Tool to assist with
resonator design and mode control. Primarily models optics, but modular
constructor allows incorporation of other detailed models.

AVAILABLE DOCUMENTATION: Not available

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None * None
LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
T Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C Ring Transversely Flowing Rectangular, Linearly Flowing
* Compact Other Other
* Annular

(Transverse Dimension) 1 0 1 0
GRID DIMENSION 1 D 2 D 2 D

0 2D 3D 3D

- Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations * Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
_ Other Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

fNmam William P. Latham

I
I

Phone: (505) 844-0721

Organization: Air Force Weapons laboratory
Address: AFWL/ALR, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Used for axisymmetric half-
symmetric unstable resonator analysis (HSUR); contains two Fourier com-

ponents for analysis of polarization effects in bare compact beam resonators.

AVAILABLE DOCUMENTATION: None Relevant: G. C. Dente, App. Opt. 18, 2911

(1979), W. P. Latham, "Polarization Effects of Half Symmetric Unstable
Resonators with a Coated Rear Cone," App. Opt, (to be published).

I
I

POLRES

l
I
I
I
l

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR I BUTE

None * None 0 None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

_ Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE 0 Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION * 1 D 2 D 2 D

2D 30D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

l
I
I
I
I
I
I
I
I
I
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CODE SUMMARY SHEET CODE NAME: 1 POLRESH

ORIGINATOR/KEY CONTACT:

ki.- William P. Latham Phone: (505) 844 -0721

Organization: Air Force Weapons Laboratory

Address: AFWL/ALR, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Used for axisymmetric half-
symmetric unstable resonator with internal axicon analysis (HSURTA);

contains two Fourier components for analysis of polarization effects in

bare compact and annular beam resonators. Will eventually include rings

and simple saturable gain models. -

AVAILABLE DOCUMENTATION: None relevant: G. C. Dente, App. Opt 18, 2911

(1979); W. P. Latham, "Polarization Effects of Half Symmetric Unstable

Resonators with a Control Rear Cone," App. Opt (to be published).

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE _

None * None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

* Annular

(Transverse Dimensionl 1 D 1 0

GRID DIMENSION 1 D 2 D 2 D

2 D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED Do bMrBny e
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: Peter B. Mumola

Organization: Perl Kin-Elmer Corporation

CODE NAME: POP

Address: 50 Danbury Road. MS 241. Wilton, Connecticut 06897

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Physical optics analysis of
general HEL optical systems and atmospheric propagation. Code can be

coupled to variety of detailed kinetics models includina CO2 EDL (pulsed
or CW), GDL, and Iodine.

AVAILABLE DOCUMENTATION: Available

I
I
I

Ph_ (203) 762-4415 I

I
I
I
I

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE_

None None * None
LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
T Physical HF, DF Other

Other

* Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing

GEOMETRY Co Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY *~ Compact OtherOte

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION * 1 D 2 D 2 0

* 2D 3D 3D

* Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks
* Other Other

I
I
I
I
I
I
I
I
I
I
I



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: Philip D. Briggs Phone: (213) 884-3851
Organization: Rockwell International, Rocketdyne Division

Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Evaluate impact on resonator
solution of conical element polarization.

AVAILABLE DOCUMENTATION: None. Some Papers in open literature.

r-
:3

lt=

PRE-WATSON

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None * None * None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

* 20 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED Mlln
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

* Other Other



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
wm Paul E. Fileger Phone: (305) 840-6643

Organization: United Technologies Research Center
Address: P.O. Box 2691, MS-R-48, West Palm Beach, Florida 33402

PRINCIPAL PURPOSE AND APPLICATION OF CODE: The QFHT code was developed as
a tool for modeling high Fresnel number annular resonators (will model
collimated Fresnel numbers in excess of 200).

AVAILABLE DOCUMENTATION: None. Listings available.

CATEGORY
ATT RIBBUE OPTICS KINETICS GASDYNAMICS

None 0 None _ None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

_ Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
* Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY Co Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY *~ Compact Other Other

* Annular

(Transverse Dimension) 1 D 1 D
GRID DIMENSION 1 D 2 D 2 D

_ 20 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks
* Other Other

I
I
I
I
I
I

QFHTCODE NAME:



CODE SUMMARY SHEET CODE NAME:j RASCAL I
ORIGINATOR/KEY CONTACT:

Name: Phil D. Briggs Phone: (213) 884-3851
Organization: Rockwell International - Rockedyne Division

Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Resonator parameter selection.
assess mode control, performance predictions for power and beam quality.

resonator perturbation analysis, beam quality, set/verify design require-
ments. This is a vector code. Kinetics and mixing models included--see

AEROKNS.

AVAILABLE DOCUMENTATION: None

CAT~EGORY
OPTICS KINETICS GASDYNAMICSATTRIBUTE _ _ _ _

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

0 CW Premixed
Geometrical Pulsed 0 Scheduled Mixing

TYPE 0 Physical * HF DF Other

Other

Standing Wave * Annular. Radially Flowing * Cylindrical, Radially Flowing

* Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY 0 Compact Other Other

0* Annular

(Transverse Dimension( 1 D * 1 D

GRID DIMENSION 1 D 2D 2 D

* 20 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical 0 Cylindrical * Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations * Multiline Turbulent Flow
Deformable Mirrors 0 Line Broadening * Boundary Layer
Far-Field Performance Other Shocks

* Other 0 Other



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman/S. W. Zelazny (BAT) Phone: (217) 333-1834

Organization:University of Illinois, Dept. of Aeronautical & Astronautical Eng.

Address: Urbana, Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Study interaction between rota-
tional nonequilibrium kinetics and optical resonator geometry. Bell Aerospace

strip optics code (BATOPT) coupled to qualitative kinetic - fluid dvnamics

model (NORO-I). Combined model is called ROPTTCS.

AVAILABLE DOCUMENTATION: Applied Optics 17. P. 2244 (1978): J. Chem.
Phys. 62, 3523 (1975); Applied Optics 15, p. 744 (1976); J. Chem. Phvs.

67, 966 (1977).

CATEGORY
OPTICS KINETICS GASOYNAMICS

None None None
LEVEL Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model

* Detailed Resonator D Detailed Kinetics Detailed Mixing

* CW 0 Premixed
TYPE Geometrical Pulsed Scheduled Mixing

T Physical * HF, DF Other
Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY Ring 0* Transversely Flowing * Rectangular, Linearly Flowing0 Compact Other Other
Annular

(Transverse Dimension) 0 1 D 0 1 D
GRID DIMENSION * 1 D 2 D 2 D

20 3D 3D

* Cartesian 0 Cartesian * Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

I
I

I
I
I

ROPTICS



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: R. J. Hall Phone: (203) 727-7349

Organization: United Technologies Research Center

Address: Silver Lane, E. Hartford, Connecticut 06108

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Prediction of HF/DF chemical
laser performance based on coupled rate equation analysis of chemical,
vibrational.. rotational. and radiative transfer.

AVAILABLE DOCUMENTATION: Listings available. R. J. Hall, "Rotational
Nonequilibrium and Line-Selected Operation in CW DF Chemical Lasers."
IEEE JQE, Volume QE-12, p. 453 (1976).

ROTKIN

F-
-7_1
rn_ _~~~~~~~~~:3
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_ C~

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR I BUTE__

None None None
LEVEL 0 Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model

Detailed Resonator * Detailed Kinetics Detailed Mixing

* CW Premixed
Geometrical Pulsed * Scheduled Mixing

TYPE Physical 0 HF. OF Other

Other

- Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

GEOMETRY * C~Ring Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY * ~~Compact OtherOte

* Annular

(Transverse Dimensionl 1 D 0 1 D

GRID DIMENSION * 1 D 2 0 2 D

2 3D 3D

Cartesian Cartesian 0 Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical * Cylindrical

Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations 0 Multiline 0 Turbulent Flow
Deformable Mirrors 0 Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODENAME:

ORIGINATOR/KEY CONTACT:
K;3- Jerry Long

I
Phone: (404) 955-2663 |

Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE Provide capability of modeling
high order modes in cylindrical/annular optical resonators.

AVAILABLE DOCUMENTATION: None

I
I

SAIC2D

I
I
I

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE__

None None _ None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model
* Detailed Resonator 0+ Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
* Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

* Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 ~~Compact Other Other

* Annular

Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 0 2 0

* 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

0 Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
0 Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks

Other Other

+ with GCAL

I
I
I
I
I
I
I
I1

I
I
I
I
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CODE SUMMARY SHEET CODE NAME:|
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SAIC2DV m
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ORIGINATOR/KEY CONTACT:

Name: Jerry Long Phone: (404) 955-2663

Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Provide accurate, cost effective
method of cylindrical/annular optical resonator mode and power extraction

analysis and determine the effect of various design perturbations on these

parameters. This code is a vectorized version of SAIC2D.

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None 0 None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model

* Detailed Resonator *+ Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C oRing Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY * Compact Other' Other

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 0 2 D 2D

20 3D 3D

0 Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks

Other Other

+ with GCAL



SAIFHT

ORIGINATOR/KEY CONTACT:

Name: Jerry Long Phone: (404) 955-2663

Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Provide accurate, cost effective
method of cylindrical/annular optical resonator parametric analysis including
power extraction for use in overall system optimization.

AVAILABLE DOCUMENTATION: HF Laser Subsystem Technology Assessment (DARPA
Interim Report), Science Applications, Inc., Atlanta, Georgia, July 1979
(CONFIDENTIAL)

CTGRY
OPTICS KINETICS GASDYNAMICS

None None None
LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model

0 Detailed Resonator + Detailed Kinetics Detailed Mixing

CW Premixed
Geometrical Pulsed Scheduled Mixing

T Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular, Linearly Flowing0 Compact Other Other
0 Annular

(Transverse Dimension( 1 D 1 D

GRID DIMENSION * 1 D 2 D 2 D

* 2D 3D 3D

* Cartesian Cartesian Cartesian
COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
Other Other

+ with GCAL

I
I
I
I
I
I

CODE SUMMARY SHEET CODE NAME:



CODE SUMMARY SHEET CODE NAME:
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SAIGD M

ORIGINATOR/KEY CONTACT:

Name: Kerry E. Patterson

Organization: Science Applications., Inc.

Phone: (404) 955-2663

Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: (1) Correlate and analyze
closed cavity data. (2) Optimize operating conditions and geometric
configurations. (3) Generate gain algorithm for wave optics analyses.

Lasing and chemical kinetics models are included. Generates gas dynamic/

Kinetic profiles for gain algorithim (see GCAL).

AVAILABLE DOCUMENTATION: HF Laser Subsystem Technology Assessment (DARPA)
Interim Report), Science Applications, Inc., Atlanta, Georgia, July 1979.

CATEGORY
OPTICS KINETICS GASDYNAMICS

* None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator * Detailed Kinetics * Detailed Mixing

* CW Premixed
Geometrical Pulsed Scheduled Mixing

TYPE Physical 0 HF, DF Other

Other

Standing Wave * Annular, Radially Flowing * Cylindrical, Radially Flowing

GEOMETRY C oRing 0 Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact Other 0 Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 0 2D 2D
2D 3D * 3 D Psuedo

Cartesian * Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical * Cylindrical * Cylindrical
Other Other Other

Misalignments * Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multiline * Turbulent Flow
Deformable Mirrors 0 Line Broadening 0 Boundary Layer
Far-Field Performance Other Shocks

Other * Other



CODE SUMMARY SHEET CODE NAME: |

ORIGINATOR/KEY CONTACT:

Name: Jerry Long (404) 955-2663

Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Provide accurate, cost
effective method of linear optical resonator mode and power extraction
analysis and the effect of various design perturbations on these parameters.

AVAILABLE DOCUMENTATION: None

I
I
I

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE

None None 0 None
LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

TYPE Geometrical Pulsed Scheduled Mixing
* Physical HF, DF Other

Other

0 Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY Co0Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY 0 ~~Compact Other Other

Annular

(Transverse Dimension( 1 D 1 D
GRID DIMENSION 1 D 20 2D

2 D 3D 3D

* Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks
Other Other

I
I
I
I
I
I
I
I
I
I
I
I

SAII D



CODE SUMMARY SHEET CODE NAME:j SAI2D

ORIGINATOR/KEY CONTACT:
NM. Jerry Long Phone: (404) 955-2663

Organization: Science Applications, Inc.

Address: 6600 Powers Ferry Road, Atlanta,

PRINCIPAL PURPOSE AND APPLICATION OF

resonators and optical trains.

Georgia 30339

Modeling of rectangular linear

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE _

None None 0 None

LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0* Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEOMETRY C * Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY * ~~Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

* 20 3D 3D

* Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

* Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks

* Other Other

with GCAL

{ .( Just



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Nam- J. Houah/M. Enstein Phone: (213) 648-6861

Organization: Aerophysics Laboratory. The Aerosoace Corporation
Address: P.O. Box 92957, Los Anqeles, California 90009

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Calculation of pulsed HF and
DF chemical laser performance by solving coupled thermodynamic, chemical
kinetic, and radiation transport equations. Utilizes comprehensive chemical
kinetics model (including rotational nonequilibrium) and simple Fabry-Perot
model.

AVAILABLE DOCUMENTATION: Efficient Model for HF Lasers With Rotational
Nonequilibrium, J.J.T. Hough, Aerospace Corp. Repts. SAMSO-TR-78-79,

15 Aug. 1978 and SAMSO-TR-78-84, 14 April 1978.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE_

None None - None
LEVEL * Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator * Detailed Kinetics Detailed Mixing

CW * Premixed
* Geometrical 0 Pulsed Scheduled Mixing

Physical * HF, F Other

OtheO

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY CoRing Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ~~~Compact Other Other

Annular

(Transverse Dimension) 1 D 1 D
GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

* Cartesian * Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer
Far-Field PerformanceOther Shocks
Other Other

I

I
I
I
I
I
I

SOSCODE NAME:



CODE SUMMARY SHEET CODE NAME:

C-
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IanTDLCLRC* I
ORIGINATOR/KEY CONTACT:

Name: Victor L. Gamiz Phone: (213) 884-3346

Organization: Rockwell International, Rocketdyne Division

Address: 6633 Conoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

Performs 3-D wave optics resonator analysis of a positive branch con-

focrl unstable resonator with rectangular spherical mirrors. Has off

axis aeometrv caoabilitv. Kinetics and mixing models included - see
APrpnNS

AVAILABLE DOCUMENTATION: High Power Testing of Optical Components
(HIPTOC) Technical Proposal Part III, Appendix B (V. L. Gamiz) (theory).

CATEGORY
OPTICS KINETICS GASDYNAMICSATTRIBUTE __ 

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
0 Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

* CW
* CW Premixed

TYPE Geometrical Pulsed 0 Scheduled Mixing
T Physical * HFDF Other

_ Other

Standing Wave * Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY CotRing Transversely Flowing 0 Rectangular, Linearly Flowing
GEOMETRY * ~~Compact Other Other

Annular

(Transverse Dimension) 0 1 D * 1 D

GRID DIMENSION 1 0 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical 0 Cylindrical 0 Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors * Line Broadening 0 Boundary Layer
Far-Field Performance Other Shocks
Other 0 Other

*3-D Loaded Cavity Linear Resonator Code.



CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:

Name: Victor L. Gamiz Phone: (213) 884-3346

Organization:

Address: -

Rocketdyne. Laser Optics

6633 Canoqa Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_

Performs 3-D wave optics resonator analysis of a cylindrical annular ring
laser resonator using either a two reflaxicon or a two waxicon beam com-

pactor assembly.

AVAILABLE DOCUMENTATION:

See manuals for LS-14 3-D base and loaded HSURIA codes.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE_

None None 0 None
LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE * Physical HF. DF Other

Other

Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY C oRing Transversely Flowing Rectangular, Linearly Flowing
* Compact Other Other

* Annular

(Transverse Dimension) 1 0 1 D

GRID DIMENSION 1 D 2 D 2 D

* 2D 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations Multiline Turbulent Flow
* Deformable Mirrors Line Broadening Boundary Layer
* Far-Field Performance Other Shocks
* Other Other

* 3-D Wave Optics Ring Resonator Code.

TDWORRC*

I
I



CODE SUMMARY SHEET CODE NAME: TMRO

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-3484

Organization:

Address:

TRW DSSG

R1/1162. One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Version of MRO code for toric resonators.

AVAILABLE DOCUMENTATION: No theory manual as such, but (TRW) BLAZER and

MRO code reports (June 1978) contain much information. See BLAZER User

Manual. November 1978.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator 0 Detailed Kinetics _ Detailed Mixing

* CW Premixed
Geometrical Pulsed 0 Scheduled Mixing

TYPE * Physical * HF.DF OFher

Other _ Other

* Standing Wave Annular, Radially Flowing * Cylindrical, Radially Flowing
G Ring Transversely Flowing Rectangular, Linearly Flowing

GEOMETRY Compact OtherOte

* Annular

(Transverse Dimension( * 1 D * 1 D

GRID DIMENSION * 1 D 2D 2D
2D 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical * Cylindrical * Cylindrical
Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations * Multiline Turbulent Flow
Deformable Mirrors * Line Broadening Boundary Layer
Far-Field Performance Other Shocks

* Other 0 Other



CODE SUMMARY SHEET CODE NAME:J

ORIGINATOR/KEY CONTACT:

Name: D. Haflinger/P. Lohn

l
Phone: (213) 536-1624 1

R1/1038. One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:-

Calculate nozzle flow including boundary layer and inviqcid core ana1Vsis.

AVAILABLE DOCUMENTATION: None

I
I

TWffNfZ

Organization: TRW DSSG

Address: I
I
3

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE_

* None 0 None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing

CW 0 Premnised

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF. OFOte

Othe~~~~~~~Ote

Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing 0 Rectangular. Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 0

GRID DIMENSION 1 D 2D 2 D

2D3D 3D
Cartesian Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer

Far-Field Performance Other Shocks
Other Other

I
I
I
i
I
I
I
I
I
I

I
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CODE SUMMARY SHEET CODENAME: URINLA2
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ORIGINATOR/KEY CONTACT:

r~m-- Donald L. Bullock Phone: (213) 535-4384

Organization: TRW DSSG

Address: R1/1162, One Space Park, Redondo Beach, California 90278

PRINCIPALIPURPOSE AND APPLICATION OF CODE: Models cylindrical laser with

arbitrary axicon (except noneverting waxicon). Bare resonator code which

determines mode control and beam quality.

AVAILABLE DOCUMENTATION: MnIIILUIdr Lda:r IIUUt BLUUlt

March 1980. Proqram URINLA2 -User- Manual, June 1978

OPTICS KINETICS GASDYNAMICS
ATTRIBUTE

None 0 None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, OF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing

Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY 0 Compact OtherOte

* Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 2 D 2 D

_ 2D 3-D- 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical
Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED 0 Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

* Far-Field Performance Other Shocks

Other Other

, .
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CODE SUMMARY SHEET CODE NAME: - VIINT

ORIGINATOR/KEY CONTACT:

Namo J. Ohrenberoer

Organization:

Phone: (213) 536-4024

TRW DSSG

Address: 88/1012, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Vi scid/inviscid interaction
program, calculates flow between used gas for hypersonic wedge modeling.

AVAILABLE DOCUMENTATION: Ohrenberger, BMDATC, DASG60-76-C-0043, April

1977 (theory). Computer Program Description and Users Manual of a Near

and Far Wake Modeling Analysis for Reentry under Turbulent Boundary Layer
Conditions. Ohrenberqer. for BMDSC, DASG60-76-C-0043, March 1979. Others.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

* None _ None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW * Premixed
TYPE Geometrical Pulsed Scheduled Mixing

Physical HF. DF Other

Other

Standing Wave Annular, Radially Flowing 0 Cylindrical. Radially Flowing

GEOMETRY Ring Transversely Flowing 0 Rectangular, Linearly Flowing
Compact Other Other
Annular

(Transverse Dimension) 1 D 1 0

GRID DIMENSION 1 D 2 D 2 D

2D 3D 3D

Cartesian Cartesian * Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical * Cylindrical

Other Other Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline 0 Turbulent Flow
Deformable Mirrors Line Broadening 0 Boundary Layer
Far-Field PerformanceOther Shocks
Other Other

I
i
I
I



CODE SUMMARY SHEET CODE NAME:| WAP*

F-z::9

4. 

-t=

ORIGINATOR/KEY CONTACT:

Name: J. Ohrenberqer

Organization:
A _A
Address:

Phone: (213) 536-4024

TRW DSSG

88/1012. One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: lo determine Dase TIOW Detwee

laser nozzle. Detailed analysis of base flows, recirculation, and embed-
ded subsonic zone; boundary remnant lip and wake shocks formation are

included.

AVAILABLE DOCUMENTATION: Computer Program Description and Users Manual

of a Near and Far Wake Modeling Analysis for Reentry under Laminar or

Turbulent Boundary Layer Conditions, J. T. Ohrenberger, for BMDATC

(DASG60-76-C-0043) April 1977. Others.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTR IB UTE

* None * None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW 0 Premixed

Geometrical Pulsed Scheduled Mixing
TYPE Physical HF, OF Other

Other

Standing Wave Annular, Radially Flowing 0 Cylindrical, Radially Flowing

Ring Transversely Flowing * Rectangular. Linearly Flowing
GEOMETRY Compact OtherOte

Annular

(Transverse Dimension) 1 D 1 D

GRID DIMENSION 1 D 20 0 2 D

2D 3D 3D

Cartesian Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line 0 Laminar Flow

Aberrations Multiline 0 Turbulent Flow
FEATURES MODELED MuMiro ny e

Deformable Mirrors Line Broadening * Boundary Layer

Far-Field Performance Other * Shocks

Other 0 Other

*Wake Analysis Program

-In
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Section III

DETAILED CHEMICAL LASER CODES

This chapter contains, in alphabetical order, the received detailed responses to the sur-
vey form (Appendix A). The material has been reformatted somewhat for economy of pre-
sentation and ease of comparison. It was not possible to include the 28 codes submitted by
Bell Aerospace in this detailed format; for these, the reader should see Appendix C. See
Section IV for an explanation of the forms.
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CODE NAME: I ABL*

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPUCATION(S)OFCODE: Models cylindrical lasers used with URINLA2. This is a URINLA2
model with gain.

ASSESSMENT OF CAPABILITIES: See URINLA2.

ASSESSMENT OF LIMITATIONS: See URINLA2.

OTHERUNIQUEFEATURES: Resonator geometries modeled: HSURIA; "HSURIA" with toric back mirror, TURIA.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock Phone: (213) 535-3484
organization: TRW DSSG
Address: R1/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): I(T) Annular Laser Mode Studies Final Report;
(U) Program ABL User Manual, June 1978; listings available.

STATUS:
Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): AFWL CYBER 176, NOS/BE.

TRANSPORTABLE?:

Machine Dependent Restrictions:

SELF-CONTAINED?: See MRO/BLAZER

Other Codes Required (name, purpose):

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

Small Job:

Typical Job

LargeJob: ZUUK DSCM)

Approximate Number of FORTRAN Lines:

* Annular BLAZER

r-

4m

M

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

+ 300K ([CM)
6000

1 1800

I- -- I ---- -- M

on -. Bok



CODE NAME: I ABL

BASIC TYPE (V):

Physical Optics / Geometrical:_

FIELD (POLARIZATION) REPRESENTATION (A&
SCAl.: WVector:

COORDINATE SYSTEM (Caesian., cylidrical., etc.):

Compact Region: Cy Annular Region:CV

TRANSVERSE GRID DIMENSIONALITY (v): 1D 20
Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: Half plane
MIRROR SHAPE(S) ALLOWED (N/)

Square Circuiar... Stip:

Rectangular: EllipticaI: Arbitra.y:

CONFIGURATION FLEXIBILITY IV)

Fixed. Single Resonator Geometry:

Fixed, Multiple Resonator Geometries: I

Modular, Multiple Resonator Geometes:

PROPAGATION TECHNIQUE (Va/l that apply) COMPACT ANNULA

Fresnel Integral Algorithms

With Kenel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT): 

Fast Hankel Transform (FHTI:

GardenerFr.sneI.Kichhoff (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (14:
Power Co.padison ... Field Compai.on:

ACCELERATION ALGORITHMS USED?: No
Techhiniu:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(/):

*See URINLA2 User Manual

RESONATORTYPE(N/): StandingWave: VI

Traveling Way. (Ring): Reverse TW:

BRANCH (V): Positive: Negative:

OPTICAL ELEMENT MODELS INCLUDED (%/)
Flat Mi-ors: a Spherical Mirrors:

'!

Scraper Miror: V

A.icons WL icons RefI

Arbitra y:/

Uinear

Par bol. P..bol.[

Varable Con. Offt / _

Other (specif):

Deforable Mi--os

Spatial FiIt-rs Gatings:

Rear flat. rear cone
HH & HP reflaxicons & waxicons.
PP Reflakxicons.

GAIN MODELS (V): Bare Cavity Only:
Simple Storated Gain: Detailed Gain: /

BARE CAVITY FIELD MODIFIER MODELS (/):
Mior Tit: ./ D...entration: 

Abr.ations/Themial Distortions:

," Aberrations only

Reflectivity Loss:

Output Coupler Edges: Rolled:

Seated: _ Other

LOADED CAVITY FIELD MODIFIER MODELS (A/)
Medium Index Vaiation:

Other

FAR-FIELD MODELS (i:) R Be Ste.idngRemova 
Optimal Focal Seach: i Beam Quality: v

I I

GAIN REGION MODELED (V)

Compact Region: Annular Region:

COORDINATE SYSTEM (Crtes~in, cylindrical., etc.)

Compact Region:_Annular.in l Reon C

KINETICS GRID DIMENSIONALITY

Compact Region _

Annlar Region a!

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: flow Direction?:.I/

PULSED:_ CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED IV)

{ X ; Y2 = Y:2 :: F Cl B H

Cold (F +H,) D

Hot (H + F2) Chain (F * H2 & H , F2):

Other (specify):

ENERGY TRANSFER MODES MODELED (V): Reference
V-T: / SeeMRO/BLAZER
V-R:

Vv See MRO/BLAZER
Other

Single Line Model 64:

Multiline Model t 4: L/
Assum.d Rotational Population Distribution State (V):
Equilibriurn / Non.quiibriun:

Number of Ltser Un.. Modeled 24
Source of Rte Coefficients Used in Code: N. Cohen

LINE PROFILE MODELS (/):

Doppler Badening: J,
Collisional Boadening: 1

othl,(p-cify): ODeration at line center

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) (i):
Cylindrical, Radially Flowing: v

Rectangular, Linearly Flowing:

Other

COORDINATE SYSTEM: Cy
FLUID GRID DIMENSION (IV): 10 2D 3D

FLOW FIELD MODELED (i)

Laminar Turbulent

Other Scheduled mixing
BASIC MODELING APPROACH (V)

Other(snecifv Scheduled mixing

Reerences for Approach Used: See MRO/BLAZER

THERMAL DRIVER MODELED (14:

Arc Heater: Combustor: '/

Shock Tube: Resistance Heater:

Othe,

F-ATOM DISSOCIATION FROM (\/):
F

2
: SF,:

Other (specify): NF0
F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Yes
DILUENTSMODELED: He. N.. CF4
MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozzle Boundary Liye-s: Shock Waves:

Preteactions (thermal blockage): Turbulence:

Other(specify): Scheduled mixing

MODELS EFFECTS ON OPTICAL MODES DUE TO (14:
Media Index Vaiations.

Other (spnify):

I I a~~~~~~~~~~~~~~~~~~~~~~
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CODE NAME: I

CODE TYPE: Kinetics and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Computation of small signal or loaded gains from a radially flowing
system for use by annular resonator codes. Package includes aerodynamics for radial flow field.

ASSESSMENTOFCAPABILITIES: Allows computation of gain sheet through a radial scan through the middle of
the reaction zone. Allowed transitions are v = 1 -- 10, j = 1 + 20; uses latest y rate structure
available.

ASSESSMENTOF LMITATIONS: Model does not include rotational nonequilibrium.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: Jim Vieceli Phone: (213) 884-3851
Organization: Rockwell International - Rocketdyne Division
Address: 6633 Canoga Ave., Canoga Park, California 91304

AVAILABLEDOCUMENTATION:(T=Theory,U = User, RP= RelevantPublication): (T) Annular Laser Optics Study Final Report
(AFWL-TR-77-117): (U) Annular Laser Optics Study Users Manual: Loaded Cavity Codes.

STATUS:
Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: AFWL

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: With modification.
Machine Dependent Restrictions: Uses CDC extended core (LCM).

SELF-CONTAINED?: No - is a subroutine package.
OtherCodesRequired(namepurpose): Requires that a driver code provide intensity-transition matrix.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 8-10 sec CDC 7600
Large Job:

Approximate Number of FORTRAN Lines:

F-
4C.

F-p

I"M

r s



CODE NAME: IAEROKNS

BASIC TYPE IV): None
Physicol Gptics- ..G metrica: _

FIELD (POLARIZATION) REPRESENTATION (C):

COORDINATE SYSTEM (Cortesian. cylldrical, etc.):

Compact Region: - Annular Regio.n _

TRANSVERSE GRID DIMENSIONALITY (V):
Compact Region:

Annular Regien:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED V):
Square .. Circular Strip:

Rectunguar: . Elliptical . Arbitrary:

CONFIGURATION FLEXIBILITY IV):

Fced. Sirgin Resonator Gometry:

Fiaed, Multiple Resonator Geomet-ras

Modulr., Muitiple Resonater Gometdes:

PROPAGATION TECHNIQUE (Va: that aPc:y); CO-PACT ANNULAR

Fresrel Integral Algorithms=

With KEaen A.eraging

Gaussian Quadrature:

Fast Fourier Trarslorm (FFT):

Fast Hankel Translorm (FHTi)

Garde.er-Fraea.-KlrchhoVf (GFK):

Othr (speciy):

CONVERGENCE TECHNIQUE (/):

Power Compdson. Field Compador:

ACCELERATION ALGORITHMS USED?:

MULTIPLE FIGENVALUE/VECTOR EXTRACTION ALGORITHM:(C)

Prny:

Other:

_s 3None
RESONATOR TYPE (): Starding Wa-e

Taoniiog Woos (Rin): _ Re.erte W:

BRANCH (/): Position Negati-

OPTICAL ELEMENT MODELS INCLUDED IN/)
Flat Minors Spheical Mins:

Scrp rMino:

Aoicons

Arbitrary:

Unear

Pea.bo.I-Pnnbrk

Vadable Cor Ogleat

her (Cpeciiy):

Datormaoe Minor:

Spatial Filt ..- ratngi:

Other Eler.ent:

GAIN MODELS (C): Bare Coeity Only:

WImp.a Saturakd C.lo: ln Ddtid Gain:

BARE CAVITY FIELD MODIFIER MODELS CV)
Miner it: D..ctration

Abm at..ns/Thermal Dirtions

Arbitrary:

SelecLtd (Cpc.Iy):

Reictivibty Less:

Dutpul Coopier Edgs: Roild:

Seatd: Otiher

LOADED CAVITY FIELD MODIFIER MODELS CV):

Medium Indes Vadaio:

FAR-FIELD MODELS (C): Beam Stedng Remoai:_

Optimal Focal Sarch:_ Beam Quailty:

I~~~~~~~~~ 
GAIN REGION MODELED (C):

Compact Regon . AnuIr Region:

COORDINATE SYSTEM (Carteian, rylinddcl. et.)

Compact Region: Arular Baics: CY

KINETICS GRID DIMENSIONALITY (V):

Compact Region

Annular Regien

GAIN REGION SYMMETRY RESTRICTIONS:

GaIn Vary Along Optic Axes?: _ Fow Diracti.n?Uv

PULSED: CW: ./ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (C):

{: Y2: YXY}| F |Cl Br

Cold IF H)/ D v

HotI H IF)k./ Chk..... Iin I Lp c H2 F.k/

tthe, (specily):

ENERGY TRANSFER MODES MODELED (Cv': Rflereere

VT: v' Cohen

V-R:

vv: Cohen
Other

Single Line Model (

Multiline Model. V () /

Assumed Rotation l Populdien Ditdibution Stae (5 

Equilibdum v Non..qoilbdu- -

Nembr of Laser Unes Modeled ' 12

Source ot Rate Coeicins Ued ie Code: Handbook
of Chemical Lasers

LINE PROFILE MODELS (V/):

Doepphr Breadenise: /
.1

Other (spacify):

|GAS DYNAMICS

NOZZLE GEOMETRY MODELED (Cad type) (v):

Calindrical eadtia Flowing /

Rcrngolar. Uneady Fowing 

Other

COORDINATE SYSTEM: Cy

FLUID GRID DIMENSION (v): ID / 2D . 3D:-

FLOW FIELD MODELED CV):

Laminar .. TurbuIent:

Drer: Scheduled mixing

BASIC MODELING APPROACH (1:)

P-imed Ml~i In/

Other (specib)

ALOS Final Renort

THERMAL DRIVER MODELED (C,):

Arc Hewater Conbester

Shek Tub: Rnistance Hestr

.nh..r Not modeled

F-ATOM DISSOCIATION FROM CI)N
F'2 SF6 : V

Othar(tpecliy): NF3
F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ..

DILUENTS MODELED: He, N2.
MODELS EFFECTS ON MIXING RATE DUE TO (V):

NBude Beendary Ly..n / Shock Weos:

Pre-cti ss (the-e bIootkag):-..T s lnce:

Othe, (sp-ciiy): Tri D

MODELS EFFECTS ON OPTICAL MODES DUE TO (C):

Media Indac Vadatine :

* U I

* Equilibrium thermochemistry

n a - a -' _ " Ml _ _ _ _ W _ _ W _ _

B
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CODE NAME: [ AFOPTMNORO

CODETYPE: Optics and Kinetics

D-A4,+rt -nwp- -ni--stal npsfnrmancP of CW chemical laser. Also see
PRINCIPALPURPOSE(S)/APPLICATION(S) OF CODE: -- .1-- O. - : r. - -UaI
MNORO for more detailed kinetics description.

ASSESSMENTOFCAPABILITIES, Predict power spectral distribution for unstable and stable resonators. Strip
optics code was provided by Capt. T. Salvi, AFWL/ALR. With rotational Nonequilibrium kinetics, code

will nrnelict which lines lase.

ASSESSMENTOFLIMITATIONS: Need to include rotational non-eaualibrium on 1-0 band.
study.

OTHERUNIQUEFEATURES. Besides power comparison technique to establish convergence, this code compares
1(x) on all lines; it also calculates Po/Pc, where Po = total optics power loss and Pc = power
available from chemistry.

ORIGINATOR/KEY CONTACT:
Name: L. H. Sentman Phone: (217) 333-1834
Organization: Aeronautical and Astronautical Engineering Dept., University of Illinois
Address: Urbana, Illinois 61801

AVAILABLE DOCUMENTATION: (T = Theory, U = User. RPa= Relevant Publication]: (T) "An Efficient Rotational Nonequili brium Model
of a CW Chemical Laser," L. H. Sentman and W. Brandkamp, TR AAE 79-5, UILU Eng 79-0505 (July 19/9);

(fil "UlsPrs Guide for Proaram MNORO and AFOPTMNORO." L. H. Sentman, ME TR 79-7, UILU Eng 79-0507
(October 1979).

STATUS:

Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: AFOSR

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): CDC Cvber 175

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: - Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 100K 150 - 800 sec / iteration
LargeJob: 272K (depending on number of points:

m

I

Approximate Number of FORTRAN Lines: about 15 iterations to converge)



CODE NAME: I AFOPTMNORO

F OPTICS

BASIC TYPE (V):

Physical Optics- 1/.GeomricM _

FIELD (POLARIZATION) REPRESENTATION IV)
Scaiar. . Vector:

COORDINATE SYSTEM (Caitesien. cylindrical. etc.

Compact Region: Ca Anular Region:_

TRANSVERSE GRID DIMENSIONALITY IV) ii 10 20 I

Compact Region:

Annublr Region:

FIELD SYMMETRY RESTRICTIONS?

MIRROR SHAPE(S) ALLOWED I/):
S....re. Si Circibr: ____

CONFIGURATION FLEXIBILITY IV):

Fioed. Single Resonator Gometry:

Fined. Muitipie Re.sonator GSemetres:

Modubiir Multiple Resonator Geometres:

PROPAGATION TECHNIQUE (Vac. mhat a..I)t COMPACT SUL|

Fresoel Integral Aigornhms:

With Kemel A.er.ging

G.ossbin Quadrature:

Fast Fourier Transform IFF /:

Fast Henkel Transform (FHT):

Gadnrer.Fm-ot-Rirhhoft (GFK):

Oth., (.prsify):

CONVERGENCE TECHNIQUE ():
Power Compdn.. Field Compdron: /

Other: Popti CS /Pchem

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM(\:/)

Prose:

RESONATOR TYPE (t): Staeding Wane :

Tra.eling Wa.e (Ring): Rone.e TW:

BRANCH (1VI Positi-e v N.gatie v/

OPTICAL ELEMENT MODELS INCLUDED IV)
Fiat Mirors: Spherica Mirrlr:

Cniindlccl Mirrors / . .. . .T nlnscopes

Scrapar Minor.:

AxIcons Waoicons Rel aicons

Arbitrary:

Unear:

Paraboi-PanbobI:

Vardabl Cone Offe:

Other (specify):

DeVrmalbe Miror

Spatlu Filter.: Gntiege:

GAIN MODELS (V): Bae C.axf Onl:

Sintpe Saturted Gain: _.D. .iid Gan: v

BARE CAVITY FIELD MODIFIER MODELS (I):

Mlror T: _ ...cntraton:

Abradtine/Tht ai Dletortion.

Arbitray:

Srtaxted (rclib):

Rleft-eity Loss:

OutpUt Cupeir Edge: Roitd

Serted: Other:

LOADED CAVITY FIELD MODIFIER MODELS (v)

Medium Inde. Varaion

FAR-FIELD MODELS (N/V B.a. Steeing Remoyd

Optiwal Fpcal Searo: wh Be. Qalitm "y-

I I

GAIN REGION MODELED (I):

Compac Region: / Annubir Region..

COORDINATE SYSTEM (Cartsn. cyindricat. etc.)

Compact Region: Ca Annulr Region:

KINETICS GRID DIMENSIONALITY (t/):

Compact Region: v/ |

Annotar Region I I

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.es. ?:_ Fiw Directon.

PULSEDO: CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I:

Cold IF cH,) /

Hot (H IFy) v Chaie IF c H2 ? H F2):

ENERGY TRANSFER MODES MODELED (V'): Reference

V-T: I/V

V.R '/I

V-V: I
Other: Multiouantum V-T, F-atom wall

recombjnation.
Singie Line Moded IV):

M.Nilin- Model IV,): /

Assumed Rotational Poruation Didtdbitioe State (N/)

Eiqvilibrium :_ N..iNoqitiri.m 1/

Numberot Lasr lUnes ModelPed: Predicts which
lines lase.
SOe-co t1 Bate Cofeicients Used in Code: Cohen ' s HF/
DF rate package, Hinchen's

LotOti3oEna|LS IV):
Doppter eroadenieg

Coiioeai Bmdening:

Other(spfit): Voight profile

*Relaxation dater Polanyis
Pumping distribution

I GAS DYNAMiCS I

NOZZLE GEOMETRY MODELED (lnd typa )(i) None

CylindricaiM Radiily Flowing

Rectngubr U..nearly Flowing: /

Cartesian
FLUID GRID DIMENSION (VI: /o V 2D _ 3D:-

FLOW FIELD MODELED IV):
L-minar- TurbIent..

Othar

BASIC MODELING APPROACH (t/i

P.rmixed: _ MiIng:.

e.ierence Itor Appmach Us 

THERMAL DRIVER MODELED (\):

Arc Heater Combustor:

Shook Tube: Restance Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fth SFy:

Oth., (.p .Ib):_

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 

MODELS EFFECTS ON MIXING RATE DUE TO IV):

Norle Baund.ry Lye.. I Shock Wa.es:

P.r-flsions (the-mal blockage): TuhbIence:

Oth.e (specify): /

MODELS EFFECTS ON OPTICAL MODES DUE TO (6

Media Inde Variaions:

Othr (spaciby):

_m- w so" Mae" as _" mm _ 

U

I

;

I
I
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CODE NAME: Il

CODETYPE: Optics. Kinetics. and Gasdvnamics

PRINCIPALPURPOSE(S)/APpLICATION(S)oFCODE: LS-14: Resonator parameter selection. assess mode control.
performance predictions for power extraction and beam quality. set/verify design requirements.

ASSESSMENTOFCAPABILITIES: Capable of evaluaiiting any general HSURIA with reflaxicon.

ASSESSMENTOFLIMITATIONS: Single gain sheet, axisYmmetric model precludes resonator azimuthal
perturbation analysis.

OTHER UNIQUE FEATURES: Resonator geometrics modeled; HSURIA with reflaxicon. Axisymmetric mode
competition. Twelve fields (combination of transitions and modes).

ORIGINATOR/KEY CONTACT:
Name: Phil Briggs Phone: (213) 884-3581
Organization: Rockwell International-Rocketdyne Division
Address: 6033 Canoga Ave.. Canoga Park, California 91304

AVAILABLE DOCUMENTATION: IT = Theory, U = User, RP = Relevant Publication): (T) various.

STATUS:

Operational Currently?: Yes

Under Modification?: No

Purpose(s):

Ownership?: AFWL

Proprietary?: No

MACHINE/OPERATINGSYSTEM(onwhichinstalled): CDC Cyber 176

TRANSPORTABLE?: With mofification.
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?:

OtherCodesRequired(name purpose): Resonator geometrv systems code (for other than P-P reflaxicon),
axisymmetric far-field code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Esecution Time (Sec, CDC 7600)

Small Job: 200K SCM-200K LCM 1000 Octal sec
Typical Job: 200K SCM-250K LCM 2000 Octal sec
Large Job: 200K SCM-600K LCM 10000 Octal sec

Approximate Number of FORTRAN 3nn0

* Axisymmetric Loaded Cavity HSURIA Resonator Code

Al rHRrC*



CODE NAME: A

BASIC TYPE (V):

Phyoical Optics _ Geometrical:_

FIELD (POLARIZATION) REPRESENTATION CV)
Scar:_ Vector: -

COORDINATE SYSTEM (Cartsiun. cylioddoal. etc.):.

Compact Region: CY Annlar Rgion:SY.

TRANSVERSE GRID DIMENSIONALITY(/) 1D72D

c.mpact Region:

Annular Rgcion:

FIELD SYMMETRY RESTRICTIONS?: Axi svnetri C
MIRROR SHAPE(S) ALLOWED (N/)

Sq.are: Circul-r: Strip:

Rectangclar: _ Elliptical: _ Arbitray:

CONFIGURATION FLEXIBILITY (v):

Filod. Single Reco.ator Gometry: v

Modublr. Moltipin Resocator Gemetdes:

PROPAGATION TECHNIQUE (V'a: ha apIl); COMPACT ANNULOA

Fresnel Integral Algorithmsn.:

With KEmel Aneraging v
Gaussian Quadreturn.

Fast Fourier Trnsform (FF1):

Fast Hanek] Transform (FHTR)

Gardener-Fmn.l-Kirchhofi (GFKi:

Other(specify): Midpoint rule: Compac
Annular

CONVERGENCE TECHNIQUE (V):

Pomer Compadsoon Field Comp ri..o v

ACCELERATION ALGORITHMS USED?: _

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(/)

RESONATOR TYPE (V): Standing Wane : /

Traneliog Wace (Ring): - Recee TW:

BRANCH (/): Poutice: Negtio:

OPTICAL ELEMENT MODELS INCLUDED CV)
Fiat Mirorsxv .Sphedce Mirronr:

Cylinddcal Miror - Telecope

Scraper Miror /

Aoico.s Wasicoes Reftlaicons

ArbirtrIy:

Unear:

Parabola-Parbola.:

Vadable Coa fllst

Ghber (speiyl: P-P tanh
Deormable Miro:

Other Elements:

GAIN MODELS (/): BRn City Only:

Simple Satuated Gal: - Daied Ge: 

BARE CAVITY FIELD MODIFIER MODELS IV):

Mirror Tf: h DaOnrti:

Ab iatoes./Thlten Dittis.rtios.:

Arbitray: Both (radial only)

Selected (specity:

RWNectioty Lone:

Output Coupler Edges: Rolled:

Sented: Other

LOADED CAVITY FIELD MODIFIER MODELS (V):
Medium Inde Vadation: V Radial only

- -------- / na'diAl -d,,

Oedapped Beems:

I

FAR-FIELD MODELS (): Beam Steadng Remoel:-

Optumal Focal Search: Beam Qoalfy-_

Other

In'

GAIN REGION MODELED (I):

Compact Rgion: Annulargion v

COORDINATE SYSTEM (C1rteoian, cylindrical. etc.)

Compact Region _ Annuar Regio: CV

KINETICS GRID DIMENSIONALITY (V):

Compact Region: _ _ _

Annular Region: [If=_
GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Aces?: FPc Dirsctiono1/

PULSED: CW / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V/)

{ ScY2= VXS.YVl F 7 F CI Br _

V 2= VX SJ H [1_ 
Cold (Fe H2) D

Hot (Ho F2): i Chalo (F+ H2 & H + F2): /

Othor (spcify):

ENERGY TRANSFER MODES MODELED (V): Reference

V.T: V/ Cohen

V-R:

V-V:

Other

Single Un. Model _

Moltiline Mode] (VI: v.

Assumed Rotatiecel Population DiSudobtin State (VI:
Equilibdum: / Noenquilibdlum:

Number fe L.so Li.s Modeled

So.rce of Rate CoetMol-eto Used in Code H

of Chemical Lasers

LINE PROFILE MODELS (N/):

Doppler Bmodeening: 

Collisional RBmdeniog: 

Other (pecly):

GNAMIS 
NOZZLE GEOMETRY MODELED (and type) (/):

Cyliodrical, Radially Fioming: /
Rectngufar, Uneady Floeing:

FLUID GRID DIMENSION (VI: ID v 2D _3D:_

FLOW FIELD MODELED (/):

L.rinari ... _Terbutent:

Other Scheduled mixing
BASIC MODELING APPROACH (IV):

Prerei.ed:_ Mifing:

Other (spocifyl:

ALOS Final Report

THERMAL DRIVER MODELED (V):

Arc Heater: Comustor

Shock Tube: Resistanco Heater:.

-... r ibS. -nAl Pr

F-ATOM DISSOCIATION FROM (V/)

F2: / SF,:

Other (specify): NF
F-ATOM CONCENTRATION DETERMINED FROM MODEL? *

DILUENTS MODELED: He. N,
MODELS EFFECTS ON MIXING RATE DUE TO (C/):

No.I Boundary ULyer- : / Shock Wan s

PnereatUons (thermal blockege): _Tebulenoe

Otherte oci--t Trip

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI:

Media Indes Vadatloos- V

Other (epec.iyl:

1 ~~~~~~~~~~~~~~~~~~~~Equili briurn thermochemistry
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CODETYPE: Optics, Kinetics, and Gasdynamics.

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Resonator parameter selection, asses
predictions for Dower and beam oualitv. set/verifvydesign reouire-ments.

s mode control, performance

ASSESSMENTOFCAPABILITIES: Allows evaluation of general ring geometries with independently specified
reflaxicons.

ASSESSMENTOFLIMITATIONS: Axisymmetric model precludes resonator azimuthal perturbation analysis.

OTHERUNIQUEFEATURES: Resonator geometries modeled: ring resonator with reflaxicon Dositive/negitive
branch. Axisymmetric mode competition, 5 gain sheets. Twelve fields (combination of transitions
and modes).

ORIGINATOR/KEY CONTACT:
Name: Phil D. Briggs Phone: (213) 884-3851
Organization: Rockwell International, Rocketdyne Division
Address: 6633 Canoga Ave., Canoga Park, California 91304

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (T) various.

STATUS:

Operational Currently?: No

Under Modification?: Being developed.
Purpose(s):

Ownership?: AFWL

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cvber 176

TRANSPORTABLE?: With modification.
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?:

OtherCodesRequired(namepurpose): Axisymmetric far-field code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution rime (Sec. CDC 7600)

SmallJob: 200K SCM-200K LCM 1000 Octal sec
Typical Job: 200K SCM-250K LCM 2000 Octal sec

Large Job: 200K SCM-600K LCM 10000 Octal sec
Approximate Number of FORTRAN Lines: iUUU

* Axisymmetric Loaded Cavity Ring Resonator Code

CODE NAME: I

r-

tr5

t=i

ALCRRC*
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CODE NAME: [

.
OPTICS I

BASIC TYPE (v):

Physica: Optic: / Gometricai:_

FIELD (POLARIZATION) REPRESENTATION (C):

Sc-l- / V..ector:

COORDINATE SYSTEM (Catesian, cylindrical, etl:

Compact Regon: CyAnnular Region: Cy

TRANSVERSE GRID DIMENSIONALITY (V): ID 2D

Compact Regin:,

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: Axisymmptrir
MIRROR SHAPE(S) ALLOWED (V,

Square: Circul-r: . / Strip:

Rectangular: Elliptical: _ Arbit-ry: 

CONFIGURATION FLEXIBILITY (V):

Fined. Single Resonator Geometry: V
Fised, Multiple Resonator Geome.triec:

Modular., Multiple Re-onatur Geome.tries:

PROPAGATION TECHNIQUE (Msl or: ac:: p OPAC TONOULAC

Frenel Integal Algorithms:

With Kernel A-eragiog

Gaussian Quadature:

Fast Four.ir Trns.frm (FFT):

Fast Hank-l Transform (FHT):

Gardseer-Frmoel-EirohhoO (GFK):

Other(speoify): Midpoint rule:

uUIImpdLLOVIU Ictr

CONVERGENCE TECHNIQUE IVN)
Power CompavIson:_ Field Compad-on: V

ACCELERATION ALGORITHMS USED?: Nonp

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(C):

Peony:

Other:

a
RESONATOR TYPE (V): Standing Wac:

Tra.-ling Waco (Ring): a/ R-e TW:

BRANCH (V): Positio: . Negative: .
OPTICAL ELEMENT MODELS INCLUDED IV):

Flat Mirrors: IS Spherical Mirrors:

Scraper Mirror: 

A.icons

Arbitray:

Linear

Parbola.-Paaboa:

Vadable Cone Ofltr

Other(pecify): P-P tanh
Dafermable Minor:

.;. .- rv - .

GAIN MODELS (V): Bars Cioty Only:

Simple Saturted Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS iV):

Mirror TIt: Decentration:

Aberraons/Theroal Distorions:

Arbhiary: V Axisymmetric
Selected (specify:

Reflectiity Lone- 

Detpct Coupler Edges: Rolled:

Serrated: Oth.,:

LOADED CAVITY FIELD MODIFIER MODELS IV):

Medium Indne Vadation: V - Axisymmetric
Gas Absorption: V - Ax;ivmmptrir

unenapped Beams:

Other

FAR-FIELD MODELS (V: Beam Steeving Removal:-a

Optimal Foal Seah: Il/ Beam Qualiy V

GAIN REGION MODELED (V'):

Compact Region: Annular Region: 1/

COORDINATE SYSTEM (Coresian. cylindrical. etc.)

Compact Region:_ Annular Region: .-
KINETICS GRID DIMENSIONALITY (V):

ID 2D I3D

Compact Begion: _

Annular Regiun: [I/ _ _

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Aed?:_ Flom Dire-oion?:..TX

PULSED:_ CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED CVI:

Y+X :: = YX: :.j X H I/I 

Cold (F H2) By D I/rl

Hot (Ho F2 ):.... Chain IF u H2 & H o F2 ): V

ENERGY TRANSFER MODES MODELED (v): Reference

V.T: V/ Cohen

v-B:

V-V:

Other:

Single Line Model (VA:

Multiline Model. CV): .1

Assumed Rotational Population Ditribution State (VI:

Equilibdum: 1 Nnnequilibdum-

Number La Laser Lines Modeled: < 12

Sourceof Rat Coefficients Used in Code: Handbook
of Chemical Lasers

LINE PROFILE MODELS CV):
Doppler Broadening: V/

Collisional Broadening: v

Other (Cpeciy):

| GAS DYNAMICS|

NOZZLE GEOMETRY MODELED (and type) (V):

Cylidrical, R.di.aly Flowing: V

Other: 

- -.-lAT CVCTF CY

FLUID GRID DIMENSION (V) ID:.Z 2D 3D-.:_
FLOW FIELD MODELED (V,

Laminao:_Turbulent:

Other Scheduled mixing
BASIC MODELING APPROACH (V):

Poemioed:. Mioing: I/

Other (specify):

References.. r AppoachUSed: ALOS Final Report

THERMAL DRIVER MODELED (V):

Arc Heater: _ Combuotur:

Shock Tube: Resistance Heater:

Other: Not modeled
F-ATOM DISSOCIATION FROM (V):

F2 : SF: V

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: *

DILUENTS MODELED: He, N.
MODELS EFFECTS ON MIXING RATE DUE TO (V):

NRo.In Boundary Lay'": L Shok Waces: 

Prereactions (thermal blockagl.:_Turbulence:

Othe. (specify): Trip

MODELS EFFECTS ON OPTICAL MODES DUE TO (C):

Medic Indes Vadatiens- V/
Other (spcifyl:

=*Equlibrium thermochemistry

- a a a a a a
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CODE NAME F

CODETYPE -Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models any chemically pumped mixing laser system, even electronic
transition type. (See also GIM).

ASSESSMENT OF CAPABILITIES: 2-D parabolic reactive, viscous flow code. TKE turbulence (2-equation).
(Similar to APACHE, except not time-dependent).

ASSESSMENTOFLIMITATIONS: Cannot model dP/dY in subsonic flows. Contains only Fabry-Perot (geometric)
optics packages.

OTHERUNIQUEFEATURES: Besides hot and cold HF and DF kinetics, it also models 3 body recombination
H + F + M T HF (v) + M.

ORIGINATOR/KEY CONTACT:
Name: N. L. Rapagnani Phone: (505) 844-9836
Organization: Air Force Weapons Laboratory.
Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (T) (U) AFWL-TR-78-19

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CRAY. Cvber-1 76, CDC-7600, CDC-6600, IBM-370

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

SELF-CONTAINED?: No
OtherCodesRequired(namepurpose): DYNDIM for dynamic dimensioning. Not necessary on CRAY

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 65K 15 sec.
Typical Job: 150K 2-5 min.
Large Job: 230K 15-60 min.

clll�
r_
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ALFA

Approximate Number of FORTRAN Lines: 2000-2500



CODE NAME: I Al FA

BASIC TYPE (VI:
Phynical Optics:_G..ometricai:.,L

FIELD (POLARIZATION) REPRESENTATION IN):

Scai-r:_ Vector:

COORDINATE SYSTEM (Caorimn. cylindrical, dc.

Compact Region: - Annular Region:_

TRANSVERSE GRID DIMENSIONALITY iVi 10 20 

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED IVi:

Square: Circuiar: Sttip:

Rectangular: , Eclipticl:.. ArbitrrY:

CONFIGURATION FLEXIBILITY (M:)
Fi.ed. Siogie Rsonator OG.metry:

Fiend, Multiplo Res.natvr Gme.tes:_ _ _

Modular. Moitipli Resonator Geomtris_ ___

PROPAGATION TECHNIQUE -Va:: n ac:,): COMPACT |ANUIAL

Fresnel integral Algorithms:

With Kemel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

F.at Hankel Trandorm (FHT:

Gar.enr-Freevel .KichhoOf (GFK):

Othar (.priyy):

CONVERGENCE TECHNIQUE (VI:

Power Compasn:_ Fi.ld Comparien:

Othe:

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:6V):

I

_TCs None

RESONATOR TYPE (VI): Standing W.eo:

Traveling W..o (Ring): _ Rverse TW:

BRANCH (V): Position: _ Negati:

OPTICAL ELEMENT MODELS INCLUDED (V):

Fiat Mirrors: Spherical Mirror:

Cylinddoal Miror: - Teescpes:

Scraper Miror:

AAicons Wa.0i.. Re al tion.

Arbirary:

Linear

Vaiable Cone Oifti:

Other(.speciff:=

. efoneabl Miror:

Spatial Filt-r: Gratings:

GAIN MODELS (V): Bars CnityO nly:

Simpl Stur.td Gain: _ Dt.ild Gain:

BARE CAVITY FIELD MODIFIER MODELS IVI:

Miror Tilt: . cDeentration:

Abharticns/Thenna Ditr,tdions:

ReUl cfioity Less:

Dutput Couplr Edges: Rolled:

Serated: _ Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Ind.o Vaiation:

Overapped gnaws:

FAR-FIELD MODELS (V): Beam St.ering Remo.a-:

Optimal Focal Search: B.eam Q p.aty-

I I

GAIN REGION MODELED (V):
Comp.ct Regi..: I/ AnnubrI. Regi..: t

COORDINATE SYSTEM (Caresian. cylindical. eto.

Compact Region:!t Annular Region: t/

KINETICS GRID DIMENSIONALITY (1):

I|2D|3D|

Commp.t Region:

Annu.a. Rgion:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.es?: t Fiow Dirtion.? t

PULSED: ,/ CW: . L KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):{ X V
2

=XYX eYn : _ F Cl B i

Cold IF H:_ D 1 _

Hot (H F2 : t/ Chein IF c H2 & H F2

Othere(.pcify): 3-body recombination
ENERGY TRANSFER MODES MODELED (v): Retereoce

V-T: t/ Keber and Hough
VR: V I

Singbl Une Medel IV): 

Muitiline Model (\y v

Assumed Rotational Poplation Ditributon State (*/):

Equilibdum.: ./ Nonquilibdum: v/

Number of Lae Lines Modeld: Anv

Source of Rate Coefricients Used in Cd: Cohn

LINE PROFILE MODELS IN/):

Doppler Braidening: t/

Collisional 8medoniog: I/

Oth.(e pecify: Voight

| GAS DYNAMICS|

* NOZZLE GEOMETRY MODELED (lnd type) (N/I:

Cylindrical., R.di.lly Fiowing: /

Retanguir. Linearly Floning: /

Cartesian & cylindrical
FLUID GRID DIMENSION (V): ID: 2D: t/ 3D -

FLOW FIELD MODELED (V':

Laminar: T! Turbulent: /

BASIC MODELING APPROACH (V):

Premised: Mhing:

Other (sproify: I/

THERMAL DRIVER MODELED (6I:

Arc Heater: Combustor:

Shohk Tube: Reistance He.t:

F-ATOM DISSOCIATION FROM (v):

Other (-pecitfy:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (VI:

No.ale Boundary Lye..: t/ Shock Wanes: /

Pomactions (thermal bIockage.): Turbule.ce:

Oth., (epifyl: _ _

MODELS EFFECTS ON OPTICAL MODES DUE TO lI):

Medie Inde. Variations:

Oth.e (spachll:

I I~~~~ I
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CODE NAME: A

CODETYPE: Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models any chemically pumped mixing laser system, even electronic
transition type. (See also GIM).

ASSESSMENT OFCAPABILITIES: z-u elitptic. reacti
Similar to ALFA. except it is time-dependent.

ve. viscous flow code. TKE turbulence (2-equation).

ASSESSMENT OF LIMITATIONS: Contains only Fabry-Perot (geometric) optics packages.

OTHERUNIQUEFEATURES: Besides hot and cold HF and DF reactions, it also models 3-body recombination
H + F + M -o- HF(v) + M.

ORIGINATOR/KEY CONTACT:
Name: N. L. Rapagnani Phone: (505) 844-9836
Organization: Air Force Weapons Laboratory
Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLEDOCUMENTATION:(T=TheoryU=User,RP=RelevantPublication): (T)(U) LASL-LA 7427

STATUS:

Operational Currently?: Yes

Under Modification?: No

Purpose(s):

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CRAY, Cyber-176, CDC-7600, CDC-6600, IBM-370

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

SELF-CONTAINED?: No
Other Codes Required (name, purpose): DYNDIM for dynamic dimensioning. Not necessary on CRAY.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution rime (Sec. CDC 7600)

Small Job:
Typical Job: 65K/250K ECS 1-2 hours
Large Job: 77K/400K ECS 2+ hours

M

APAC.HE

Approximate Number of FORTRAN Vines: 2000-2500



CODE NAME: I APACHE

BASIC TYPE (VI:
Physical 0pti-s._G -m.ntricat:

FIELD (POLARIZATION) REPRESENTATION (V/I
S alar Vectvr:

COORDINATE SYSTEM (Caesian. cylindcal, etc):.

Comypat Recio: - Annular Region..

TRANSVERSE GRID DIMENSIONALITY (v) SD 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (l/):

Rectaogular., Elliptial.. .Arhitr.ry:

CONFIGURATION FLEXIBILITY (v):

Fieed. Single Resonator Geomety:

Fited, Multiple Resonator Gometries:

Modular., Multiple Rrsooatcr Gesmetries:

PROPAGATION TECHNIQUE pVa:: tot orlr): Con-oCt cNNUoAR

Fresnel Integral Algorlthms:

With Kernel Averaging

Gaussian Quadratoro:

Fast Foc-ier Translorm (FFTi:

Fast Hekra Transform (FHT):

Gardenor-FresnelKirchhdl (GFK)I:

Other (pecify):

CONVERGENCE TECHNIQUE (6I:

Power Compa ..on: Field Comparino

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHMW VI:

Pnny:

None
RESONATOR TYPE (Vi) Standing Wae:

Traveling Wave (Rin.g). - Reerse TW:

BRANCH (/): Poitive... Neative

OPTICAL ELEMENT MODELS INCLUDED IV):
Fiat Mirror,: . Spherical Miror:

Straper MIrrors

AAti on

Arbitray:

Li.nar:

Parabol Parabol:

Variable Con- Of.set:

Other (pecify):

Deormahbe Miror

spawtial Flors: Grunns:

Other Ulements:

GAIN MODELS (V): Bern CAity Only:

Simple Saturated Gal,: - .I..aled Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):
Miro Tilt: ... Ont*on

Aberati.on /Thermmal DlMtortlo.

Arbitrary:

Selected (Spacity):

Relleclivty Less

Ootput Coupler Edges: Rolled:

Seated: Other

LOADED CAVITY FIELD MODIFIER MODELS

Medium Indee Variatio

FAR-FIELD MODELS (/): Beam Steering Remoal:

Opti.al Frott Serch: _ Bea. Qoady:

I ______ __ I

GAIN REGION MODELED (i):

Compact Region.: V Anoular Region:

COORDINATE SYSTEM (Caneian, yliodrical., t.)

Compact Rogi.n: / Ann-l. RAgionla

KINETICS GRID DIMENSIONALITY (V):

Compact Region: [- 1/ _

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gals Vary Along Optic A.ee?: / RFo Dire ion'?

PULSED: t CW I KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (/):

| X + Y2 =_ 'YX ~Y:t _ F C B 

Cold (F +H,) t_ D / _ _

Ho (H F2 : / Chein (F v H2 & H F2) 

Otherl(spe.iyl: .- hody recomhination
ENERGY TRANSFER MODES MODELED IV): Referen e

V-T: / Kerber and Hough

V-R: 

a/I

Single Une Model IV) /

M.ltilire Model (Vi: . /

Assumed Rotational Population Diotribution State I():
Equilibrium. N.n..equilltbnum I

Numb., 01 Laser Lines Modeled: Anl

Secr.. of Rate Co ies Used i Cd Ohn

LINE PROFILE MODELS (V):

Doppler Broadening: /

Collisional Broadening: I/

Other ( petify: Voi ght

I

I S

I GAS DYNAMICS]

NOZZLE GEOMETRY MODELED (and type) (V)

Cylindrical,. Radially Flowig: t/

Rmtagclar., Linearly Flowing /

COORDINATESYSTEM: Cartesian & cylindrical
FLUID GRID DIMENSION (VI: lDS: 2D: . 3D: /

FLOW FIELD MODELED (/):
Lahminar / Turbulent I!
Other: Recirculating

BASIC MODELING APPROACH (V):

PFrmied: _Mioing:

THERMAL DRIVER MODELED (VI

Arc Heater : Combustor -

Shoch Tu.b.e Resistan Heater:

F-ATOM DISSOCIATION FROM (V/I
F2 _SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V/):
Noa-lI Boundar tyer s.. Shok Waves: /

Perection (thermal bbIkage: Turhboene: I/

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI:
Media Iesx Variations

Other (spedyl:_

_m m W M _ _ _ _M m m W _ _ -

I

I
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CODE NAME: P

CODETYPE: Optics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: 3-D Bare Cavity Resonator Code. The code was designed to model a
Half-Symmetric Unstable Resonator with an Internal Axicon (HSURIA). Performance prediction for beam
quality and mode loss difference, set/verify design requirements.

ASSESSMENTOFCAPABILITIES: General field modifiers. Mirror misalignment, misfigure, struts, deformable
mirrors.

ASSESSMENT OF LIMITATIONS: Half-plane symmetry restricted to HSURIA, axisymmetric or 3-D calculation.

OTHERUNIQUEFEATURES: Resonator geometries modeled: HSURIA, unstable P-P waxicon (by updating).
General field modifier with deformable mirrors to correct for any aberrations.

ORIGINATOR/KEY CONTACT:
Name: Alexander M. Simonoff Phone: (213) 884-3346
Organization: Rocketdyne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (T'I(U) 3-D bare cavity resonator code.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: AFWL
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: Yes (with modification)
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?: No, resonator geometry systems code (for other than P-P reflaxicon) 3-D far-field code.
Other Codes Required (name, purpose):

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

1 300-600 ) Octal sec.
| 1500 f Rev. N6
I 5000 ) Fnr 176

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job: <250K

Large Job: If oUr
Approximate Number of FORTRAN Lines:

BAREPL

-- 1n



CODE NAME: I RAPFPI

BASIC TYPE (v)

Physic.10Optis '/ G om, thic-l:_

FIELD (POLARIZATION) REPRESENTATION IV)
Soalar: L Vector:

COORDINATE SYSTEM (Caresian. cylindrical. etl):

Compact Region: .Y Annular Region:4

TRANSVERSE GRID DIMENSIONALITY ( 10 20

Comypct Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS':_

MIRROR SHAPE(S) ALLOWED (l):

Sqare: Circular: Strip:

Rectangular: . Elliptical: Ar-hirary:

CONFIGURATION FLEXIBILITY (1 ):

Fised Multiple Re onator Gromtries:

Modular. Multiple Resonator Grometrie 

PROPAGATION TECHNIQUE (ia41 ho ,PI,); FCOMPACT|NU-

Frenel Integral Algorithm: I

With Kerret Averaging

Gaussian Quadrature:

Fast Fo-rir Tranlorm (FF:

Fast Hanhkl Trndonrm (FHT):

Gad ernr-Frenel.Kirchhoh (GFKI:

Other (p-yify:)

CONVERGENCE TECHNIQUE (V):

Poner Compado__n_ Field Comparison:

Other Prony method

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V':

Frony: I

I

RESONATOR TYPE (V) StndingWave: 

Traveling Wave (Ring): Revere TW: _ _

BRANCH (V): P-oitive: / NIgt

OPTICAL ELEMENT MODELS INCLUDED (/):

FIat Miors: / Sphercal Mirwr: VI

Cylindrical Miror Telescop.n:

Scraper Mirn rs:

A.icons

Arbilrary:

Linear:

Pa.bo.a-Parebvla:

Variable Cone 0l1.0t:

Other (spcify:

Dtormable Mior: I/

Spatlial Filters: Gratings:

Other El.ent.: Corner cube by using
general field modifier to model.

GAIN MODELS (V): Bar CavfhyOnly:
Simple Satarald Gslo: . Dt.lled Gain:

BARE CAVITY FIELD MODIFIER MODELS ($i

Mirror Tih: ./ D.enloicn:-

Aber atio.n/Thermd Dorions:

Arbitary:

Selectd (speCfyl

RcDectitify Less:

output Coupler Edg: Rolled

Serted: Other

LOADED CAVITY FIELD MODIFIER MODELS (/):
Medium Indna Vaiaton

FAR-FIELD MODELS (I): Beam Sternig Removal: 
1

Optimal Focal Searh: .J Beam Quality I/

*With update

I I

GAIN REGION MODELED (N): None

Compact Region: _Annular Region:

COORDINATE SYSTEM (Cartmien. cylindrical. eltc

Compact Regivn:_ Annular Region:

KINETICS GRID DIMENSIONALITY (V)

Compact Regiy: _ _

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optio A..?.-_ Five Directioy ?-

PULSED: CW_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (l')

X Y2YX Y :\ |' F I Cl I Br |I

Cold (F 0H2) _

Hot (H F2): Chain IF v H2 & H v F2):

Other (pocify):

ENERGY TRANSFER MODES MODELED (V): Redercnc

VT:_-

V-R:

Other:

Single Line Model IV)

Muhiline Modl IV )

Assumcd Rotato.a. population Dinibetion State IN/):
Equilibnium.. Nonquilibnim: -

Number of La.ser Une Modeed:

Source of Rate Coelicients Used Io Code:

LINE PROFILE MODELS (N&

Collisional Brodening:

Other (specIly): _

I GAS DYNAMICS|

NOZZLE GEOMETRY MODELED (and type) (/): None
Cylindrical. Radilly Flowing:

Rctangular. Linnady Flowing:

COORDINATE SYSTEM:

FLUID GRID DIMENSION N/): IDO 2D _ 3D -

FLOW FIELD MODELED (/):

Laminar: Turbulent -

Qther

BASIC MODELING APPROACH (/):
Premi.ed: _ Mioing:

Other ( mccinl

Referenoe. toe Approach Used:

THERMAL DRIVER MODELED (VI:

Any Heater Combustor:

Shock Tub.: - Resistance Heater:

Other

F-ATOM DISSOCIATION FROM (V):

F2 : 5F6

Other (peciy):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 

MODELS EFFECTS ON MIXING RATE DUE TO (I)

NouIt Beundary Luyes.._ Shrok W.ves:

Pemnacti.ns (thermal blobkag.) T.,erbelence:

Other (specify)

MODELS EFFECTS ON OPTICAL MODES DUE TO (6l)

Media Indes Varations_

Other (Ipeify:

_ m m _ m _ m _

.

|I

W.A..n. R.fl..!..n,

V* VI

v v

v

I I v



CODE NAME: I RFI rC*

_nn_ oV.e. 0ntirc and VirnetivCS .

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE:Modeling lasers with conventional unstable resonators with round,
elliptical, or rectangular apertures.

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

OTHERUNIQUEFEATURES: COz GDL kinetics and shock wave phase sheets. Models conventional unstable
resonators. Contains amplifier pass.

ORIGINATOR/KEY CONTACT:
Name: Capt. Ted Salvi or Al Paxton phone: (505) 844 -0721
Organization: Ai r Force Weapons Laboratory
Address: AFWL/ALR Kirtland AFB, New Mexico 87117

AVAILABLEDOCUMENTATION:(T=TheoryU = UserRP= RelevantPublication): (T) (U) None; listing is commented.

STATUS:

Operational Currently?: Yes

Under Modification?:. No

Purpose(s):

Ownership?: Government (AFWL)
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?:

MachineDependentRestrictions: Plot routines; some I/O; ECS.

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octad Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines: 2500

* Baumgardner Cylindrical Coordinate Laser Code

I
I
I
I
I
I
I

I

I
I
I

I
I
I
I
I
I
I
I



BASIC TYPE (V):

Physical Opti-v: Genmetrica:.

FIELD (POLARIZATION) REPRESENTATION (V):

Scalr: / Vector:

COORDINATE SYSTEM ICaneian. cylindrical. etc.):

Compact Region: -C Annular Region:-

TRANSVERSE GRID DIMENSIONALITY (C): IDT2D

Compact Region:

Annular Regio-:

FIELD SYMMETRY RESTRICTIONS?:-

MIRROR SHAPE(S) ALLOWED IV):

sq.cu:r / Circular. t Step:

Rectengular: / Elliptic.a: I/ Arbitrrry:

CONFIGURATION FLEXIBILITY IV):

Fiend. Single Resonator Geometry:

Filod, Multiple Resonator G-.mtries:____

Modulr., Mutiple Resonator Geometries: t/*

PROPAGATION TECHNIQUE al hat p):: COMPACT 9NNUA

Fresnel Integral Algorthms:

With Kernel A.eragi.g

Gaussian Quadrature:

F.at Fourier Transtorm (FFM: I
Fast Hanbkl Transtorm (FH):=

Gardnner.Frsnel.Klrchhott (GFK):

Other (spcity):

CONVERGENCE TECHNIQUE CV):
Power Comprisos:_ field Comparison:

Other: None

ACCELERATION ALGORITHMS USED?: No
T- o:tiqu-

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

I ~M -
*Limi ted

I

__ I I

RESONATOR TYPE (V): Stueding Waoe: V

Trareling Wace (Ring): - Revere TW:

BRANCH (%/): Posdioe: / N.egati-e:

OPTICAL ELEMENT MODELS INCLUDED (V):

Fl.t Minors: . Sphencal Mirron: V

Cylindrical Miom: . t. ....Tescop.: 

Srapr Mirrors: I

A.lcons

Arbitrary:

Linear:

Parabola. Parbola:

Va.slble Cone Oftttt:

Other (spciy):

Deformable Minon:

GAIN MODELS (V): BuM Caity Oely:

Simple Saturated Pten: _ . Dotailod Gale: /

BARE CAVITY FIELD MODIFIER MODELS CV):
Minor Tllt: .D-cet1nation:

Abernationu/Thermal Dioti.oes:

Arbitrary: - /

Seletetd (opeiy):

Retlectiity Lots:

Output Coupler Edge: Rolled:

Serrated:. Othe.:

LOADED CAVITY FIELD MODIFIER MODELS (C):

Medium Indee PVadetion: _ _I/

G.s Absorption:

Overlapped Beams: V (two beams)

Other:

FAR-FIELD MODELS (V): Baam Steeirng Remo o :: Z

Optimal Focal Se-ah: I/ B.am Qoality: /

Other:

[IcS
GAIN REGION MODELED (IV:

Compact Regin: / A..nular Region:

COORDINATE SYSTEM (Cadetia., cyliedrical. etc.)

Compact Regioe: Ca Annular Region:

KINETICS GRID DIMENSIONALITY (C):

Compat Reglo.:

Annu.ar Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Ao.. ?I Yes Flow Dircticon?L Yes

PULSED: CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

{YX :: Yf F I J|rF| C, B I

Cold (F H2,: D-

Hot (HIt F 2):_ Chali (F H2 & H + F2 ):

Other (sp'cify): COn

ENERGY TRANSFER MODES MODELED (v): Reteence

P-T: I
P-R:_

Other:

Single Line Model IV):

Multillee Model. (\):

Aecomed Rotational Population Didtibution State (I :
Equilibnumn:Nonttquilibriun:

Numbetr o boo.r Line Mdld: 1

Source of Rate Coethlients Used in Code:

LINE PROFILE MODELS CV):
Doppler Bn adening:

Colliseon.l Bmadening: I/

Other (sp.ciy):

IGAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (1: None
Cylindrical, Radially Flowing:

Rectangular., Li.narly Flowieg:

FLUID GRID DIMENSION (V): ID: 2D: 3D:.

FLOW FIELD MODELED (V):

Latminar: Truet

BASIC MODELING APPROACH (V):

POthr(sd:eMiciyg:

Oth., (,p..iby):

THERMAL DRIVER MODELED IV):

Shock Tube: Rtnistaece Heate-.

F-ATOM DISSOCIATION FROM CV):
-e S F .:-

Other (spoitfy):

F-ATOM CONCENTRATION DETERMINED FROM MODEL):_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):

N.o.le Boundary Layes:. Shock Waves: 

Prereactio.s (thermal blockagn): _Turbelence:

Other (Cepeciy): _

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Indes Variati.nes:

Other (s-pcity):__

- - a a - a a a a a a a

CODE NAME: I RCCLC*

I

I

I



CODE NAME: I RI A7ZE

CODETYPE: Optics. Kinetics, and Gasdvnamics.

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models the optical performance of linear bank CW HF and DF
chemical lasers. MRO is 2D model; BLAZER is 3D model. Used as design tools for BDL, NACL, MIRACL.

ASSESSMENTOFCAPABILITIEs: Resonator: Positive or negative branch confocal unstable; arbitrary optical axis
position; cylindrical, toric, or spherical mirrors. Gain medium: CW flowing HF* or DF*, strut wake,
mirror aberration. thermal distortion. and nonresonant index OPD's

MRO does stable Fabry Perot with geometrical optics.
ASSESSMENTOFLIMITATIONS: Lacks transverse pressure gradient modeling capability, lacks FFT propagation
algorithm, uses only single gain sheet, uses only rotational equilibrium description.

OTHERUNIQUEFEATURES: Confocal unstable resonator modeled.

Name: Donald L. Bullock Phone: (213) 535-3484

Organization: TRW DSSG
Address: RI/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: IT = Theory, U = User, RP Rtelvast Publication) (T) The BLAZER and MRO Codes, June 1978;
(U): BLAZER User Manual, November 1978 (includes MRO); Listings available.

STATUS:

Operational Currently?: Yes

Under Modification?: Planned
Purpose(s): Rotational nonequilibrium, FFT propagation algorithm, multiple gain skins,

transverse pressure gradient description.

Ownership?- Government
Proprietary? No

MACHINE/OPERATINGSYSTEM(onwhichinstalled)r Cyber 174-TRW/TSS

TRANSPORTABLE?: Needs mods for export
Machine Dependent Restrictions: CDC

SELF-CONTAINED?:

OtherCodes Required(namepurpose): VIINT, KBLIMP, ALFA for nozzle exit condition.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) |Execution Time (Sec. CDC 7600)

SmallJob: MRO: ---- BLAZER: - __ _

TypicalJob: 151K 165K 400 6500
LargeJob: --- 245K --- 15000

Apprximte umbe 01FORRANLine: P ----bU ------ l{ ----

I-

v:-v

M"

Approximate Number of FORTRAN Lines: MRU: 4500 BLAZER: 6000



CODE NAME: BLAZER

__ I U
Lz 3

BASIC TYPE (v):

Physical Optic: / G.eometrical:_

FIELD (POLARIZATION) REPRESENTATION (C):

Sc aler: .. Vector:

COORDINATE SYSTEM (Catesian. cylindrical, ate.):.

Compact Region: .Cl Annular Region:- * +

TRANSVERSE GRID DIMENSIONALITY (V): ID72D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (V):

Squar: / Circul,: Strp:

Roctengular: / Ellipticl: .. r Atraby:

CONFIGURATION FLEXIBILITY (v):

Fi.ed, Single Resonator G eometry:

Fised, Multiple Resonator GSsmetnes:_

Modular. Multiple Resonator GSemtries:_ _ _

PROPAGATION TECHNIQUE .Vu:: ear opcic) COMPACT vNNULAP

Fresnel Integral Algorithms:

With Kemel Aneregiog

Gaussian Quadrature: (Modified)

F.st Fourier Transdom (FF):

F.st Hankel Transform (FHI):

Gardsnsr-FreslKirehhotfI (GFK):I:

Other (opacity):

CONVERGENCE TECHNIQUE Cl):

Power Comparson: ' Fi.ld Comparison:

ACCELERATION ALGORITHMS USED?: No

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

RESONATORTYPE(v): mendingWasa: t/

Trveling Wane (Ring): .L Renere TW:

BRANCH (C): Positice: / NNgatic:-

OPTICAL ELEMENT MODELS INCLUDED (Cl):

flt Miners: .. Spherical Minors:

Cylindrical Minor: /.Tel escopos:

Scraper Mirrors: VI
Ahic.ne WA,,... Reftl-,

Arbitnray:

Linear: i c n

Parbola.-Pabola:

Varable Coee OQtst:

Other (sp lty):

De-tono abla Minom:

SpatIal Filtem: Grategs:

Othe, Elments:

GAIN MODELS (V): BaeM Conity Only:

Simple Satrunatd GPin: _ 1Detailed Gale:

BARE CAVITY FIELD MODIFIER MODELS V):
Mi DTiet: e/ Dlrattien:

Abenations/Thennal Distortions:

Arbitry: /

Selected (epeoify):

Rellec-lity Less:

Outpet Coupler Edges: Rolld:

Senated: _ ther:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Inden Varation: 0/

Other:

FAR-FIELD MODELS (V): Beam Stes.ing Remocal: -

Optimal Focal Sea-ch: B...am Quality: I/

Other EMBLAZON

GAIN REGION MODELED (V):

Compact Region: T/ Annular Region:

COORDINATE SYSTEM (Cadeiean. cylindia.I, tc.)

Compact Reginn:Ca_ Annular Region:

KINETICS GRID DIMENSIONALITY Cl):

Compact Region: _ / [_

Annular Region

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Very Along Optic A,.-M: / Fiow D VIin.r.nT

PULSED: _CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (C):

{ X Y
2

YX Y _ F Cl | B. I I

VYn2 =HYX 5 X1H7/t_

Cold (H): D

Hot (H F2): Chain (F e H2 & H e F2):

ENERGY TRANSFER MODES MODELED (v): Refemnes

V-T:I I The BLAZER and MRO Codes

P-R: I

vv: / The BLAZER and MRO Codes
Ohh.. RR with rot. noneouil.

Single Line Model IV):

MuRiline Model. (V): I./

Assumed Rotational PopolMtin Distribution State (/):

Equilibtium: ./ Nontqulibdum: -

Number of L.ser Lines Modeled: 24

Source st.Ran Coefi.ents Usetd in code: N. Cohen

LINE PROFILE MODELS V):

DeppIr Beaderning: /

Collisionat BEmodeniog:_ v

OIher.eptecy): Operation at line center.

GAS DYIS

NOZZLE GEOMETRY MODELED (and type) (C/):

Cyeindical, Radially Flowing:

Rectangular., Lineaiy Fleming: I/

Other

Cartesian
FLUID GRID DIMENSION (l): ID: .L 2D: 3D:-

FLOW FIELD MODELED (N/):

Lasminar: ... Turbulent:-

Other Scheduled mixing.
BASIC MODELING APPROACH (N/):

Prmised:_Ming:

Otberlsitottib Scheduled mixinq.

Relerencestorgpproarh Used: The BLAZER and
MRO Codes (TRW).

THERMAL DRIVER MODELED (C):

A. Heater _ Combuntor: /

Shock Tebo: _ Resistae.e H..t.e:

F-ATOM DISSOCIATION FROM 0V):

F V: V SF:

Other(.p.city): NF3
F-ATOM CONCENTRATION DETERMINED FROM MODEL?: laS
DILUENTS MODELED: He, N2 , CF4
MODELS EFFECTS ON MIXING RATE DUE TO (6):

Nozzb Boundary Laye _:.Shock Wanes: 

PFrectiens (thermal bkcage.):_Turbulence-

Othere(ptcity): Scheduled three stream:
fuel, oxidant, mixed.

MODELS EFFECTS ON OPTICAL MODES DUE TO (I'):

Media Indee Variations: /

Other (.Isp ty):

I I I

a - a a a a - a a a a - a a a a a a a

I
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CODE NAME: I

CODE TYPE: Gasdynami cs

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Calculates nonsimilar development of 2-D or axisymmetric
compressible laminar boundary layers with wall heat transfer.
(BLIST: Boundary Layer Integral Solution Technique)

ASSESSMENTOFCAPABILITIES: Yields reliable solutions of boundary layer properties including skin friction,
heat transfer rate, and velocity profiles up to separation.

ASSESSMENT OF LIMITATIONS: Will analyze only nonreacting flow.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: R. Hughes/D. Haflinger/H. Behrens Phone: (213) 536-2757
Organization: TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278
AVAILABLEDOCUMENTATION:(T=Theory,U = User RP= RelevaltPublcationt. (T) Internal Report: "A Description of the

Laminar Integral Boundary Layer Model, TRW Report, August 1977; (U) same; listing proprietary.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: TRW

Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 174

TRANSPORTABLE?: No

Machine Dependent Restrictions: TRW numerical subroutines are used in BLIST.

SELF-CONTAINED?: No

Other Codes Required (name, purpose): TRW subroutines.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution ime (Sec. CDC 7600)

Small Job: 53K 10
Typical Job: 53K 50
Large Job: 53K 100

BLIST

Approximate Number of FORTRAN Lines: 1 000



CODE NAME: I BLIST

___ I U

BASIC TYPE (V): None
Physical Optics:Geometrical:

FIELD (POLARIZATION) REPRESENTATION iVi:

Scaler: _ Vector-

COORDINATE SYSTEM (Catesian, cylidrivM. etc.):.

Cvmpact Regivn: - Annular Region:_

TRANSVERSE GRID DIMENSIONALITY (i): 10 2D

Anonuar Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED IV):

Re.Oangul1-: Elliptic.l: -Arbit ... y

CONFIGURATION FLEXIBILITY IV):
Fiord, Single Resonator G eomety:_ _

Filed. Moliple Resonator Gesmotries:__

Modular., Multiple Res. ra. or emedes:_ _ _ _

PROPAGATION TECHNIQUE Gal: no: vccIc:: COMPACT ANNUIJ

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Translrm (FFT): 1
Fast Harkla Transtofm (FHT):

GardenrFr.srnl-Kirchhon (GFKi:

Other (spcifyl:

CONVERGENCE TECHNIQUE (V):

Power COmpain..: Field Comanlpe:_ _

Othnr:

ACCELERATION ALGORITHMS USED?: .
Technique: 

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

PTICS
None

RESONATOR TYPE (I): Standing Waco:

Traveling Wane (Ring): Reverse TW:

BRANCH (I): Podive: .Nngatioe:

OPTICAL ELEMENT MODELS INCLUDED IV):
Fi.t Mirrors: . Spheca Mirnon:

Cyindrival Mi-o-: - Te1escopes:

S-raper Mirsr:

APconon Wavicons Rerlasivons

Arblrary:

Unear:

Para.betaParahbla:

Variable Cone O eut:

Othber specify):

Deofm-ble Mirrors:

Spatial Fiter:. . Gratings:

Other Elements:

GAIN MODELS (i): Bum Cavity Only:

Simple Satbratd G.a.: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Aberations/Themet1 Ditortions:

Arbitrry:

Selected (lpeciy):

Re.otivity Less:

Dutpvt Coupler Edges: Rolled:

Serated: .Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Ind.o Variation:

rennappes s _ _ _ _ _ _

Other:

FAR-FIELD MODELS (I/): Beam Steering Removal:

Optimal Focal Search: __ B ,eam Qualify:

Othe 
.

GAIN REGION MODELED (V1: None
Compact Region: Annular Region:

COORDINATE SYSTEM (Crtlesian, ylindrical. 0tc0

Compact Region:_ Annular Region:

KINETICS GRID DIMENSIONALITY (ii:

Compact Region:

Annular Regioe:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.es.?:_ nFo DirctionT.

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED Il'

yX + Y2 = 'YX + H| x r cl B 

Cold (F 0 H
2j):_ D _

Hot (H F2 ): . Chuin IF I H
2 & H F2):

Other (sepeifyl:

ENERGY TRANSFER MODES MODELED IV): Reterenve

VT: I

-h.:

Single Une Model (/):

Multiline Medel iMi:

Assum.d Retational Population Distribution State iV:

Equilibnium: _ None.quiliibnum:

Number of Laser Lines M d eld: _

Scurce of R.t. C-ofilents Used in Code:_

LINE PROFILE MODELS VI:
D.ppi.e Broadening:

CollisioneM BOrvadning:

Other (specify):_

I 
GAS DY C

NOZZLE GEOMETRY MODELED (bed typel (VI:

Cylindric. Radially Flowing: I
Rctangular, Li ....L dy Flowig: .v

FLUID GRID DIMENSION (IV): t: 2D: 1 3D:-

FLOW FIELD MODELED 6V):
Laominar y Turbulent:

BASIC MODELING APPROACH (V):

Premi.ed:_ Miinyg:

Other (sppoify):

Referen.es .r Appnach uSed: Kl ineberg-Lees
procedure

THERMAL DRIVER MODELED (IV):

Arc Heater: - Combustor:

Shock Tube: Resistance Heater: _ ,

F-ATOM DISSOCIATION FROM (V):

F2 S$F,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED: _

MODELS EFFECTS ON MIXING RATE DUE TO IV):
Nosle Boundary L.yers:. Shock Waves:

Prenactins (thermal block.g.): Turbulence: _

oner, Isepeolyl:

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Indee Variations:_

Other (specilnI:

1 1 1

M- m m M M M -M = M M n - - -

I
F--

CAnRniNATFqVQTF.- streamline
-



CODE NAME: I

CODETYPE: _Optics, Kinetics,and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: The CLOQ code was developed to analyze
systems using rotational noneguilibrium kinetics.

linear chemical lasers

ASSESSMENTOFCAPABILITIES: The code will model linear resonators with collimated Fresnel numbers of < 100.
(Can model optics phenomena describable in terms of one transverse dimension. This independent
variable can be expressed either as a Cartesian coordinate or as a cylindrical coordinate --
awparently.)

ASSESSMENTOFLIMITATIONS: Normal limitations of a 2-D analysis. For detailed analysis of specific
nozzle types, requires scheduled flow parameters from a code (such as ALFA) having sophisticated
gas dynamic calculations.

OTHERUNIQUEFEATURES: Modelsbeam/modeotation. Code employs a schedule mixing model with different
mixing lengths for primary and secondary mixing zones. Allows use of linear, exponential, or tabular
mixing rates.

ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone: (305)840-6643
Organization: United Technologies Research Center, OATL
Address: P. 0. Box 2691, MS-R48, West Palm Beach, Florida 33402

AVAILABLEDOCUMENTATION:(T = Theory, U = UserRP = RelevantPublication): (RP) R. J. Hall. Rotational Nonequilibrium
and Line-Selected Operation in CW DF Chemical Lasers," IEEE JQE, QE-12, 453 (1976).

STATUS:

Operational Currently?: Yes

Under Modification?: No

Purpose(s):

Ownership?: UTRC

Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC 176, IBM 370

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: _ 60
Typical Job: Al same: 174K 1200

Large Job: 1800

Approximate Number of FORTRAN Lines:

CLOQ



CODE NAME: I CLOQ
I

BASIC TYPE (V):

Phyli-10 pli-s I/ G-fmtri. d:-

FIELD (POLARIZATION) REPRESENTATION (I):

scalar:. I Vector:-

COORDINATE SYSTEM (Canesian., ylindical, etol:,

Compact Regi-nLOQthnnuiar Regiov: Both*

TRANSVERSE GRID DIMENSIONALITY IV): 1D 2D

Corpyact Rgion: Cart. or cy*

AnnularRegion: Cart. or cy* _ j
FIELD SYMMETRY RESTRICTIONS?: VOT

MIRROR SHAPE(S) ALLOWED IVi:

Square:- Cicular sInp: /

Roctaogular: Elliptic.l: . Arbitrr..y:

CONFIGURATION FLEXIBILITY IV):

Fied, Single Resonator Geso.try:

Fiond, Multiple Resonator G-smetdes:

Mvdubr, Multiple Resonator G...tri.s:

PROPAGATION TECHNIQUE (Va:: -, aPplc): COMPACT ANNULAA

Fresnel Integral Algodthm-:

With KmIni Averaging

Gauss.in Quadrature:

Fast Fourier Trnslorm IFFT):

Fast Harkel Translrm (FHT):

Gadener F,.soelgKichhvOf (GFX):

Other (spocifyl:

CONVERGENCE TECHNIQUE (V):

Power Comparison: /. Fi. d C..p.d..VI Fe

ACCELERATION ALGORITHMS USED?: Yes

Technique: Scheduled gain & field
averagi ng.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Prony: /

*This is a strip code

RESONATORTYPE(iN): StandingWave: V

Traveling Wae (Ring): / RI - TW:

BRANCH (iV): Position: / Negative: /

OPTICAL ELEMENT MODELS INCLUDED IV):

Fi.t Mirors: / Spherical Mirrors: /

Scraper MIrro: /

Arlcons

Arbitrary:

Unear:

Parabela.Parabea:

Vaiable Cone Otest:

Oth.e (specify):

DBfeeable Mies-: /

Spatial Filter: / Gratings:

Other Elements:

GAIN MODELS (I): Bum Cavity Only:

Simple Satunrtd Gain: De.iled Gan: /

BARE CAVITY FIELD MODIFIER MODELS IV):
Mir, Tmh: / Decentr.tin: I

Aberations/Thermal Dis,to ri.ns:

Adbitrary: / (one dimensional)

Selocted (PeWify):

Rel ,ivity LeSS I/

Output Couplr Edges: Roll.d: /

Serated: / Qth..:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Inde. Varation: /

0eedappedBeams: / (arbitrary number)

Othe-:

FAR-FIELD MODELS (V): Beam Steedng Removal: {....

Optimal Focal Search: I/ Beam Qoality,

I

GAIN REGION MODELED (V):

Compact Region: / A...nnuiar Rgion:

COORDINATE SYSTEM (Cartesian., ylindnica., eto)

Comyac Region Both Ann.lar Iegion:Both

KINETICS GRID DIMENSIONALITY (I):

ID I2D I3D

Compact Region: [ T

Anoular . g. on / = =

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.es?: /.. w Fi iredton.r../

PULSED: CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):{ Xc:
2

=YX Y: : | F | Cl I B, I

Cold IF + H2): D |

Hot (H + F2): Chain IF + H2 & H + F2 ):

Othe. (spcift:

ENERGY TRANSFER MODES MODELED (V): Reference

V.T: /

V-R:

V-V:

Othe-:

Single ULn Medal1 

Multiline Medel :

Assumed Retetionel Population Distibution Stet. IV):

Equilibnum: ./ Non..quillibum: V/

NumberofLaser..LesMedeled:Up to 20 of 68

Seurve 0f Rate Coehicintns Used in Code:

ALFA kinetics.

LINE PROFILE MODELS ():

Doppler Broadening: /

Colsni fyel Broadening: /

Other Ispocifyl: VO ia h t

I ~~~~~~~~~~~~~~~~~I I

|GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (ard type) IV):
Cylindrkal, R.di.lly Oi.g: /

Rectanglar., UneaiHy Fleeing: /

COORDINATESYSTEMfartesian or cylindrical
FLUID GRID DIMENSION (v): ID: /. 2D:. 3D: .

FLOW FIELD MODELED IV):
Laminar: .. / Turhuht: I/

Oth-rScheduled misina/different length
BASIC MODELING APPROACH (VI:

Pm.,i lod: pMiIng: e/ p

- -.-s~ci} Flow properties specified
by anchoring to device data using
ALFA.
Reerence- I.r Approach Used:_ _

THERMAL DRIVER MODELED (VI:

A.e Heater: Combustor:

Shock Tube: _ Resistance Heater:

F ATOM DISSOCIATION FROM (A&

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED: He, N,
MODELS EFFECTS ON MIXING RATE DUE TO (I):

Nostle Beundary Layers:-Shock Wu..s:

Preroactions (thermal block.ag):_Trhoben-e:

Others.pefdy): Specified by ALFA code.

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI:

Media Ind.n Varations: /

Other (sp cifyb::

N I a

m - - - =m m = - - - - - =m m m

I



CODE NAME: I CLO03D

CODETYPE: Optics, Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: CLOQ3D is an input scheduled code for analyzing HEL chemical lasers
using wave optics coupled to rotational nonequilibrium kinetics or to equilibrium kinetics -- HF or DF.
Gasdynamics capabilities include: 1-D, scheduled area, scheduled pressure, all aerodynamics scheduled,
and radial flow.

ASSESSMENTOFCAPABILITIES: The code is capable of analyzing a large number of annular or linear, unstable
or ring resonator systems having overall collimated Fresnel numbers generally <30 (single step
collimated Fresnel number < 250). Models HSURIA, positive and negative compact unstable confocal
resonators. rings, and rings with injection locking, inter-focal line aperture, and inter-focal point
aperture.a
ASSESSMENTOFLIMITATIONS: Limited to resonators with Fresnel numbers less than 250. Gasdynamics are
"generally" provided by ALFA analysis although 1-D, 3 stream scheduled mixing G/D are included in
thic cde.

OTHERUNIQUEFEATURES: Models beam/mode rotation, intra and extra cavity phase correction, and mirror
strut supports. Scheduled mixing model used different mixing lengths for primary and secondary
mixing zones. Linear. exponential, or tabular mixing rates are available to the flow field model.

ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone: (305) 840-6643
Organization: United Technologies Research Center, OATL
Address: P. 0. Box 2691, MS-R-48, West Palm Beach, Florida 33402

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): User ' s manual publ i cati on date i s February 1980;
(RP) SOQ user's manual.

STATUS:

Operational Currently?: Yes
Under Modification?: Yes

Puroosefs): Incorporate vector (polarization) field, incorporate more sophisticated (geometric
mapping) axicon model.

Ownership?: USAF/UTRC
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC-176; kinetics also available on IBM-370.

TRANSPORTABLE?: Yes:

MachineDependentRestrictions: The FFT routine (CPFT) is CDC system dependent.

SELF-CONTAINED?: Yes
OtherCodesRequired(ename,purpose)- None for optics; ALFA code is used for gasdynamics inputs.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 15 sec/ iteration
Typical Job: Same for all 2146K 410 sec/iteration
Large Job: 740 sec/iteration

ri-

v_--v

mr

Approximate Number of FORTRAN Lines: 4300



CODE NAME: CLOQ3D

I __II

I OPTICS
BASIC TYPE (Vi:

Physical Optics: / Geometr..il:_

FIELD (POLARIZATION) REPRESENTATION iVi:

Scalar: / Vctor: (in progress)
COORDINATE SYSTEM (Catesian, cylindrical. etc.):

Compact Region: CL Annular Region: C.V

TRANSVERSE GRID DIMENSIONALITY IVD: S 2D

Compact Region: Ca *

Annular Regi-o: Cy

FIELD SYMMETRY RESTRICTIONs?: None
MIRROR SHAPE(S) ALLOWED (V):

Square: / Circular: trip /

Rectangular: ./ Elliptic.a: / Arbitrary 

CONFIGURATION FLEXIBILITY (V):

Filod. Multiple Resonator Geometries:_

Medular., Multiple Resonator Gemetries: /

PROPAGATION TECHNIQUE 1Va: hal appl: COMPACT OhNWuc

Fresnel Integral Algorithms:

With Kernel Averging

Gaussian Qoadratur:

Fast Fourier Translorm (FF/):

Fast Hankel Transorm (FH):

Garden.r..-FrnlKirhhbff (GFK):

Other(spocify): Radial asymptotc

propagator (annular)
CONVERGENCE TECHNIQUE (V):

P.oer Comparison: / Field Comparison: 

ACCELERATION ALGORITHMS USED?: /

Tochniqon: Scheduled gain & field
averagi n E

MULTIPLE EIGENVALUE/VECtOR EXTRACTION ALGORITHM:(V):

Prony: i/

Other:

RESONATOR TYPE (V): Standing Waco: /

Traeling Wave (Ring): -Reverse TS:

BRANCH (V): Positive: Negative- 

OPTICAL ELEMENT MODELS INCLUDED (V):

Fitt Mirors: / Sph.eri.l Mirors:/

CylindrialMinors: / Telescop-s I (geometric
Scraper Minors: /

Avicoes. Waions ReIevons

Arbitrary:r ross

Pabela.-Parabela:=

Vardabl Cone .. ff11,:

Other (speify):

Dofoneabl Miner: /

Spatial FIR- / Gratings:

a,.___.___._Misaligned and offset

cones.

GAIN MODELS (V): Ba Caity Only:

Simple Satuated GalI: Detled Gain: /

BARE CAVITY FIELD MODIFIER MODELS (Vi):

Miner mit: / DI .ntrtion: I
Aberations/Thermal Distortions:

Arbitnry: I/

Selected (lpeoIy:

Redlectvity Lss: a/

Output Coupler Edm: Rolled: I/

Serrted: I Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Index Varation: /

/ (arbitrary no.)

FAR-FIELD MODELS (V): Beam Steering Removal: I/

Optima Focal Search: / Beam Quality: I
Othe Ouadratric phase removal.

GAIN REGION MODELED (V):

Compact Region: I/ Annur Regio:../

COORDINATE SYSTEM (Cintesian, cylindrirlo, etc)

Compact Region: Both Annular Region: Both

KINETICS GRID DIMENSIONALITY (V):

ID |2D |3D|

Compact Reeve:

Annular Regiv:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Very Along Optic Ae.?: / Five Direction? /

PULSED: _ CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

{X + V2 = + Yy: , F C 8. | 

Cold IF +H2): / D _

Hot IN * F2): Chain IF o H2 & H + F2):

Other (speify):

ENERGY TRANSFER MODES MODELED (V): Reference

vv: I

Singie Line Model IV: /

Multiline Medetl -v: ./

Assumed Rottional Population Distribution State (V:)

Equilibrim: 0/ Nonequilibium: I/

N.mberoiLaser.UnesM.deled:UP to 68 (select
A .frve2vlate Coefficients Used in Code: ALFA code
for DF; Polyani-Woodall to HF;
others
LINE PROFILE MODELS (V):

Doppler Broudening: I/

Collisiona Broadening: I/

Other (speify): Voight

| GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and fype) (V):

Cylindini..M Radially Flowing: I

Rectangular. Linearly Flowing: /

Ca or cy
FLUID GRID DIMENSION (I): ID: , 2D:. 3D:.

FLOW FIELD MODELED (V):

Lmniar:2 / 
T urbulent: /

Othe.: Scheduled mixing with different

BASIC MODELING APPROACHIV): mixing lengths
Premi.ed:_Mi.ing: v

Other(spcify: Flow Properties specified
by anchoring to device data using
ALFA code.

THERMAL DRIVER MODELED (VI):

Arc Heater_ Combustor:

Shock Tube: - Resistance Heater:

F-ATOM DISSOCIATION FROM (V):

F,2_SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_.

DILUENTS MODELED: He, N,
MODELS EFFECTS ON MIXING RATE DUE TO (A)

Norale Boundary Layen_: Shock Waves:

PrereactionI .thermat blockagel:_Turbuleove:

Othere(pecify): Specified by ALFA code.

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Index Vedition.: I

Othe, (Ipoify):

*cylindrical in progress

- - - - m m = = - m -= M - m m -

-I.
I
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CODE NAME: [

CODE TYPE: Opti Cs

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Assess optical performance of MIRACL device before, during, and
after acceptance testing without "breaking the bank."

ASSESSMENTOFCAPABILITIES: Very flexible because of modular programming approach; faster run time due to
empirical gain modeling approach. Gain is modeled via empirical "fit" to BLAZER predictions.

ASSESSMENTOFLIMiTATIONS: Not suitable for cylindrical problems; gain medium device specific (i.e., not
a design code). Detailed kinetic/gas dynamics are not calculated from first principals, but instead
are emniricallv modeled.

OTHER UNIQUE FEATURES: Currently configured for MIRACL resonator (spherical on-axis unstable resonator)
but easily adaptable to other geometries due to modular code philosophy.

ORIGINATOR/KEY CONTACT:
Name: Peter R. Carlson/Robert E. Hodder Phone: (305) 283-3380
Organization: Science Applications. Inc.
Address: 201 S.W. Monterey Rd., -Suite 30, Stuart, Florida 33494

AVAILABLEDOCUMENTATION:(T=Theory,U = UserRP = RelevantPublication): (TI (Essentially same formalism as developed by
Sziklas and Siegman at Pratt and Whitney for their SOQ codes); (RP) P. Carlson and R. Hodder,
"Chemical-Laser Scaling-Law Gain Model Analysis," SAI technical memorandum to D. Finkleman and
d. Streaack dated SePtember 25. 1979.

STATUS:

Operational Currently?: Yes - but limited.
Under Modification?: Yes

Purpose(s): Under development. The intent is to model the entire optical path to the calorimeter
at CTS (including aerowindow and beam path conditioning ducts).

Ownership?: Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 1 75/NOS

TRANSPORTABLE?: Probably
Machine Dependent Restrictions: Line printer, disc storage.

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines: %l 400

* Chemical Laser Scaling-Law Gain Model

CLSLGM*



CODE NAME: I CLSLGM

-~~~~~~~~~~__ 

BASIC TYPE (V):

Physical Optics: / G. emetrical:.

FIELD (POLARIZATION) REPRESENTATION (I):

Scalar:- Vector_:

COORDINATE SYSTEM (Cahesian. cylindricl. etl):.

Compact Reglon: I_ A... .lar Region..

TRANSVERSE GRID DIMENSIONALITY (V): SD I2

Compact Region: 128 X 128

Annular Regien:

FIELD SYMMETRY RESTR IOS_ ______
MIRROR SHAPE(S) ALLOWED (IV):

Square: / Circular: Strip:

Rectagular:- / Elipticl: .- Arbitrry:

CONFIGURATION FLEXIBILITY (iV:

Fived, Single Resun-tor Geom-try:

Fi.d, Multiple Resonator Gemetrie:__

Modular., Multiple Resonator Ge Iometres:_/

PROPAGATION TECHNIQUE (Va:: llno occc)l CO-nACT ANNUc

Fresnel Integral Algorithms:

With Kemel Averaging

Gaussian Quadrature:

Fast Fourier Trantomm IFFY: I
Fast Hannkl Transtone (FHT:

Ga,dnonr-Fmsnel-RIrohhoft IGFK):

Other (specify):

CONVERGENCE TECHNIQUE (I):

Po.er Cumpiso:... Field Compaison: /

OthrMonitor rms change over crosshait~

ACCELERATION ALGORITHMS USED?: Yes
Technique: Field and/or gain averaging.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

~TCs
RESONATOR TYPE (IV): Standing Wave: .

Traveling Wave (Ring): - Reverse TW:

BRANCH (iV: Positio: I/ Negatio:

OPTICAL ELEMENT MODELS INCLUDEDIV):

Fiat Miner: r SphefiV Mirors:

Cylinddal Miwnr: Telescopas:

Scorpar Miners: /_ _ _ _ _

A.icons Waicons Renelckons

Arbitray:

Linear:

Parabela-Parabla:_

Variable Cone 011et:

Othe. (speify):

Dafonable Minonr: *

Spatial Filters: G ratin :

Otherglnments: Transmission functions
only developed for DM and grating.*

GAIN MODELS (V): B .. CaVlbyDnly: V
Simple Saturted Gab1: ./ Dtailed Gain: /I+

BARE CAVITY FIELD MODIFIER MODELS (/):

I

Abrti .ons/The.-a Ditodions-

Arbhnn: -_

Refletivity Les: /

Output Coupler Edges: Rolled:_

Serted: Other:

LOADED CAVITY FIELD MODIFIER MODELS (I):
Medium Indle Varation: /

GasAbsorption: in "gain" model.
uenayped Beams: v

Other:

FAR-FIELD MODELS (I): Beam Steeing Removal:

Optiml Focal Search: . Beam quity- I -

GAIN REGION MODELED (VO: None
Compact Region: Ann.Iur Region:

COORDINATE SYSTEM (Cateelan cylindical. etc.)

Compact Region: _ Annubar Region:

KINETICS GRID DIMENSIONALITY I):

~ID2D 3

Compact Region:

Annular RegIon:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.esy: _ Flow Dircti..? _

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED IV):

{X V | -:= VX :Br I H _ _

Cold IF tH): D _

Hot (H F
2 ):. Chain IF - H2 & H o F

2 ):

Other (specify:

ENERGY TRANSFER MODES MODELED (I): Referece

V-T: I
V-.:_

V-V:_

Othe:

Single Une Medal :

Multiline Medel iVi:

Assumed Rutati.a. population Ditribution state 
1
Vi:

Equilibrium: - Nnequilibdum-_

Number el Laser Unes Medeted:

Seerve 0f Rate C-ffldenkt Used in Code:_

LINE PROFILE MODELS IV):
Mo--ler ....A.ai.-

iCviiisienai eaninin:g:_

U

*on optic axis *N,.^f+ ------ =~,- . - - . I
-ITUi luirso- tiiy III cUuo . -rmplricdl TLT tU 11ALLl( predictions.

I GAS DYNAMICS

, NOZZLE GEOMETRY MODELED (lnd typa) (V/): None
Cylindrical Radially Flowing:

Retangular. Unearly Floring:

I...RNIRAT SYSIkM:

FLUID GRID DIMENSION (IV): ID:_ 2D: - 3D:-

FLOW FIELD MODELED (V):

Laminar: ......Turbslnnr:

BASIC MODELING APPROACH (i:

POter d:_Misiegiy

Oth.r (sppcify:-

Refemnces Ion Approach USed:-

THERMAL DRIVER MODELED (I):

Arc Heatr:.. Combustor:

Shock Tube:-Resistance Heater:

F-ATOM DISSOCIATION FROM (%):

Other (s.poifyl:_

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):

No.[le Boundary Layers: Shock Wa-es:

rereactions (thermat bIvckag.): _ Terb.lIn-v:

Oth.e .spcifyi:

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Indev Vadations_:__

Other (sppaify):

M - M M M m -M M -M -M - -M M M -

I

r--

I
I
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CODE NAME: I - CRO*

CODETYPE: Optics. Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models HSURIA and Ring Resonator with mode rotation. Is intended
to be a resonator design code for maximizing focusability and power of output beam as a function of
gain generator and resonator parameters.

ASSESSMENTOFCAPABILITIES: Constant or variable magnification non-everting waxicon with arbitrary offset
angle. Full OPD matrix calculation. Tip flux unloading capability. Spherically diverging, converg-
ing, or collimated compact leg beam with capability to adjust ID/OD ratio (bifocal property of
axicon) of output beam independent of resonator magnification. Models arbitrary tilt , decentation,
Misfigure. and thermal distortion of all elements. Models arbitrary number of struts.
ASSESSMENTOFLIMITATIONS: Planned additions: reflaxicon option, sparse OPD matrix calculation with inter-
polation, decomposition of OPD matrix into components amenable to convolution, integral annular leg
treatment with i
(vector) code.

yroduition of FFT annular lea pronagation. two or more gain sheets, polarization

OTHERUNIQUEFEATURES: User manuals planned- well commented listings (proprietary), available from TRW
or AFWL; resonator geometrics modeled - HSURIA and ring resonator with mode rotation and axicon tip
flux unloading. ex). gain, CLll. or HWN modeling.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock phone: (213) 535-3484
Organization: TRW DSSG

Address: RI/1162, One Space Park Redondo Beach, California 90278
AVAILABLE DOCUMENTATION: (T=TheoryU User, RP= ReleVant Publication): T): Annular Laser Modes Studies Final Report
(axicon theory, aligned and misaligned); other documentation planned.

STATUS:

OperationalCurrently?: Bare cavity version.
Under Modification?: Yes

Purposefs) Add SLIM gain model (currently being implemented at AFWL). Thermal aberrations being
coded.

Ownership?: Government
Proprietary?: Yes for ALPHA competition.

MACHINE/OPERATING SYSTEM (on which installed): Cyber 176 (CDC)

TRANSPORTABLE?: CDC Onl y
MachineDependentRestrictions: CDC only (may have to recode permanent disk file management and core size

adjustment compass routines for installation other than AFWL.)
SELF-CONTAINED?: NO

OtherCodesRequired(namepurpose): IMSLIB routines for eigenvalue calculation; DISSPLA for 2D, 3D, and/or
contour plots. VIINT. KBLIMP, ALFA for nozzle exit conditions.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

70K without

Large Job:

Approximate Number of FORTRAN Lines:

DISPLA, 140K
with DISPLA

10500 (11213 cards)

*Cylindrical Resonator Optical Quality

F-
:3,

Small Job:

Tvic -In 

10
1 210
1 2000



CODE NAME: CROQ

I OPTICS I

BASIC TYPE (V):

Physicalptics: r t Geometi.ca:_

FIELD (POLARIZATION) REPRESENTATION IV):

Salr-: ' Vector:

COORDINATE SYSTEM (Catesian. cylindria.I etc.):.

Compact Revgiv: CYA.nnu.ar Region: CY

TRANSVERSE GRID DIMENSIONALITY IV): 1D 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (V):

Square: _ Circular: V Stip:

Rectangular: Elliptical: Arbitrary:

CONFIGURATION FLEXIBILITY (v):

Fixed, Single Resonator Geometry:

Fixed, Multiple Renovator Geometries: /

Modular., Multiple Resonator Geometrie_ _

PROPAGATION TECHNIQUE (Va:: tI .,PI,) COMPACT ANNUoIA4

Fresnel Integral Algorithms:

With Keroel Averaging

Gaussian Quadrature: = a

Fast Fourier Trans-urm (FFT): I
Fast Hankel Translorm (FHT):=

Gadener.Fm s.el.R-Kihhou (GFK):/

Other stecify):

CONVERGENCE TECHNIQUE (I):

Power Compri.son:. / Field Compa s...:

Other:

ACCELERATION ALGORITHMS USED?: No

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Peonx: V

RESONATOR TYPE (V): Standing Wave: /

Traveling Wave (Ring): _ Reerse TW:

BRANCH (I): Positive:. / Ngatie: /

OPTICAL ELEMENT MODELS INCLUDED (iv:

Fiat Minors: Spheical Minors: /

Cylindrical Miner: Telescopes:

Scrper Minor: /

Avicons

Arbitrary:

Linear:

Parabela-Parabela:

Variable Cone Offset

Other (specIfy):

Deloneeble Mine- _ _

Spatial Filtenr: Gratings:

Ote ImnzBi focal axi con, cone
ocx..ei......-. B a cone
or corner reflector back elements.

GAIN MODELS (V): Bes Cavtyi Only:

Simple Saturted GaI: ..Deailed Gain: V/
BARE CAVITY FIELD MODIFIER MODELS iV):

MinorT.It: Dece-trtion: /

Aberrations/Thermal Distortions:

Selected (speify):

Reectif y Less: /V

Oetput CocpIer Edges: Rolled:

Serrted: Other:

LOADED CAVITY FIELD MODIFIER MODELS (I):

Medium Ind.. Variation: /v

I

Other: Single skin at rear element.*
FAR-FIELD MODELS (v): Beam Steeing Remova: VI

Optimal Focal Search: /.I Beam Quality: V

GAIN REGION MODELED (V):

Compact Region: Annular Region:/

COORDINATE SYSTEM (C.rtesian. cylindril. etc.)

Compact Region: CY Annularegi..: CY

KINETICS GRID DIMENSIONALITY (i):

ID I2D I3D

Anula Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.ses?:X e* Fio sireDtioni, Yes
PULSED:- CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (i):

Y tX2 YX: H 7 

Cold IF. H V): / _ D hL

Hot (H c F2): Chain (F a H2 & H 0 F2):

ENERGY TRANSFER MODES MODELED (V): Reference

V-T: V I

VR:_

V-V: / 

Oth.,: RR (ACLOS rot. noneq. to come)
Single Line Model V):

Multiline Model - /V- v

Assumed Rotational Popultion Distrboton State IN

Equilini-um: / . nequilib-um Planned

Number of Laser Lins Modeled: 24

Seerce of Rate Cuflrvierts SUed in Code: N, Co hen

LINE PROFILE MODELS IV):

Doppler Broadening:'

Collisi.o.. Broadening: V

Other(speify): Operation at line center

I GAS DYNAMICS

- NOZZLE GEOMETRY MODELED (and ype) (I/):
Cylindric. Radiab Fllowing: VI
Rectangular., Linearly Flowing:

COORDINATE SYSTEM: Cy

FLUID GRID DIMENSION (Vi: ID: /. 2D:. 3D:.

FLOW FIELD MODELED IV):

Laminar: ..... Turhule nt:-
Other Scheduled mixing.

BASIC MODELING APPROACH IV):

Preixed:_Missing: V

References for Approach Used:_

THERMAL DRIVER MODELED (ii:

Arc Heater: -Combustor: v

Shock Tube: Resistance Heater: -

Other:

F-ATOM DISSOCIATION FROM (I):

F2 : V SF,:

..... NF., 3
F-ATOM CONCENTRATION DETERMINED FROM MODEL?:YeS

DILUENTS MODELED: He, N, CF1
MODELS EFFECTS ON MIXING RATE DUE TO (v):

Nvo le Boundary Layen..:_Shocbk Waves-: -

Prereactions (thermal blockage):_Torbulenn.:

Other(spcify): Scheduled three stream:
fuel, oxidant, mixed.

MODELS EFFECTS ON OPTICAL MODES DUE TO (iV):

Media Indy. Varations_

Other(speify): Nonresonant and wake OPp
index effects planned.

*l I-I, - 1 
-iPytrUIII9 LU LWU SKins. 'With 2 + skin upgrad.
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CODE NAME: N

CODE TYPE: Optics. Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Laser kinetics calculations with strip unstable resonator.

ASSESSMENTOFCAPABILITIES: Kinetics which can be selected are CO., HF/DF, and KRF.

ASSESSMENT OF LIMITATIONS: One transverse dimension.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: Capt. Ted Salvi Phone: (505) 844-0721
Organization: AFWL/ALR
Address: Kirtland AFB, New Mexico 87115

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): T, U, RP: none

STATUS:

Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: Government (AFWL)
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC

TRANSPORTABLE?:

Machine Dependent Restrictions: FFT is machine language.

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

0
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CODE NAME: DENTAL

______ I I

BASIC TYPE (V):

Physical Optics: ...Geometrical:_

FIELD (POLARIZATION) REPRESENTATION (V):

scalar:. / Vector:

COORDINATE SYSTEM ICadesian. cylindrcal. 010.1:.

Compact Region: C Annular Regio:_

TRANSVERSE GRID DIMENSIONALITY (VAi 1 20

Compact Region:

Aencla Region:

FIELD SYMMETRY RESTRICTIONS': None
MIRROR SHAPE(S) ALLOWED (V,:

Square: Circular: Strip:

Rectangular:. Elliplical d .Ahbitrary:

CONFIGURATION FLEXIBILITY (v):

Filed, Single Resorntor Geometry:

Fixed. Multiple Resonator Goees_ ______

Modular., Multiple Resonator Geoetie

PROPAGATION TECHNIQUE iVa:: txa apply) COoPACT ANN.cA

Fresnel Integral ulgorithors:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Translort (FFT):

Fast Hankel Transform (FHT):

Gardnen,-Fesnl.-Kiruhhef (GFK): _

Other (specity): Trapezoidal

CONVERGENCE TECHNIQUE (V:)
Power Compasvn:.: / Field C owaris...:

ACCELERATION ALGORITHMS USED?: No
Tochniere:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(I):

RESONATOR TYPE (V): Snundiog Wae: /

Traveling Wave (Ring): - R-eerse TW:

BRANCH IV): Positive: / Negative:

OPTICAL ELEMENT MODELS INCLUDED Iv):
Fia Mirrors /I Spherical Minors:

Cylindrical Miners: / Telescopes:

Scraper Miners:

hM Cos wavicocs Vyllaviocs

Arbitrary:

Linear:

ParabIa.-Parabola:

Variable Cone. Ollet:

Other (npecify):

Deom.ble Miners:_

GAIN MODELS (V): E're Cauity Only:

Simple Salorated Ga.i: Detailed Gain: I/

BARE CAVITY FIELD MODIFIER MODELS IV):
Mier mTit: / D.enntralion:

Abeati..ns/Therma1 Distotions:

Intensity map

Retflectivity Less:

Output Coupler Edges: Rolled:

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (v)

Medium Index Variation: 

v/

N.riapped Beams:

FAR-FIELD MODELS (V:) Beam Steering Rnmoa:: _

Optimal Fscal Search: Beam Qu.lfy

Other Atmospheric effects
I

GAIN REGION MODELED (VI)

Compact Region: _An.ular Region:

COORDINATE SYSTEM (Caesiein. cylindrical. etc.)
Compact Region: Ca Aunular Region:

KINETICS GRID DIMENSIONALITY Iv):

Compact Region: [ / [
Annule, Region: = =-_

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Very Along Optic Ael .. :_ Fivo Oirerion..?

PULSED: V CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V)

XX : Y2 YXYl rF Cl{ T | 2 = X.Xv 0 

Cod PF / _

Hot IH N F2):-Chain IF O H2 & H o F 2,:

Other (specify): C°2. KrF

ENERGY TRANSFER MODES MODELED (VI: Refereece

vv-: I
V-V:

Other:

Single Line Model A/): 

Multilin. Model - (V:

Assumed Rotational popultion Distibution State IV):

Fquilibium:V ./Nonequilibrium:

Nu.mber 0 L.ser Unes Modeled: 1

Seurce of Rate Co-WI.oeet, Used in Code:

LINE PROFILE MODELS Ii):

Other (sptifyl):.

I a I~M _a _ M _

GAS DYNAMICS

- NOZZLE GEOMETRY MODELED (and type) V):

Cylindrical. Radially Floing:

Rctanglar., Linearly Flowing: v

COORDINATE SYSTEM: Cart. strip.
FLUID GRID DIMENSION (v):-D: V 2D: 3D:-

FLOW FIELD MODELED (VI:

Laminar: V Turbulent:-

BASIC MODELING APPROACH (V):

POthremd: p Mi.cify

Qther (speity):

References br Approach Used:_

THERMAL DRIVER MODELED (VI:

Arc Hnot r: .. bCsm tusr -

Shot kTube: Resistance Heat.e:

F-ATOM DISSOCIATION FROM IV):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: YP'

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozzle Boundary Layers:. Shock Waxen:

Preredions (thermal block.ge):. TurbuIe...:

Other (p-Isify):_

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Index Variations: /V

-- - m m m m m m m m m m m m m m = =
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CODE NAME: I DFSAI F-r,

CODETYPE: Optics, Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Calculation of CW and Pulsed Chemical Laser Performance.

~~~~~~ - - iei n aitoASSESSMENTOFCAPABILITIES:- Calculates solutions to coupled fluid dynamic, chemicakiecanrdato
transport equations for CW and pulsed chemical lasers. Utilizes comprehensive model of chemical

kinetics and includes treatment of base relief and nozzle boundary layer effects.

ASSESSMENTOFLIMITATIONS: Restricted to Fabry-Perot cavity (although ad hoc technique for first order
correction for curved mirrors has been included). Uses scheduled mixing model to treat mixing

phenomena (although mixing rate is determined locally at each downstream station according to

local flow properties). Restricted to rotational equilibrium.

OTHERUNIQUEFEATURES: Individual vibration levels treated as separate species; models effect of
blockage (base relief).

ORIGINATOR/KEY CONTACT:

Name: M. Epstein Phone: - (213) 648-6861

Organization: Aerophysics Laboratory, The Aerospace Corporation
Address: P.O. Box 92957, Los Angeles, California 90009

AVAILABLE DOCUMENTATION: (T = Theory. U = User, RP = Relenant Publication): (T) Desale-5: A Comprehensive Scheduled
Mixing Model for CW Chemical Lasers." Aerospace Corporation Rpt. SAMSOTR-79-31, May 1, 1979.

M. Epstein; (U) "The Resale Chemical Laser Computer Program." Aerospace Corporation Rpt. SAMSO-TR-
75-60, W.D. Adams, E.B. Turner, J.F. Holt, D.G. Sutton, and H. Mirels, February 20, 1975.

STATUS:

Operational Currently?: Yes

Under Modification?: No
Purpose(s):

Ownership?: Aerospace Corporation
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 146K 20
Typical Job: 146K 40
Large Job: 146K 60

Approximate Number of FORTRAN Lines: Overlay

r-
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CODE NAME: DESALE-5

BASIC TYPE (V):

Physical Optics:-Gecmetrical: /

FIELD (POLARIZATION) REPRESENTATION (v):

Scalar: . Vector:

COORDINATE SYSTEM (Cartsian. cylindrica, etc.):.

compact Region: - Annular Region:_

TRANSVERSE GRID DIMENSIONALITY (I): ID 2D

Compact Regin:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (v):

Square: Ciroular:. .Stip:

CONFIGURATION FLEXIBILITY (v):

Fixed. Single Resonator Geometry: /

Modular., Multiple Resonator Geometries:_

PROPAGATION TECHNIQUE -Va:: thi epply COMPACT |ANNULAI

Frsnel Integral Algorithms: I

With KemeI Averaging

Gaussian Quadrature:

Fast Fourier Trnso-rm (FFM:

Fast Hankel Transerm (FHTl:

G.,d.n-rrFroe.I-Kirhhot (GFK): I

Other ispecfy):

CONVERGENCE TECHNIQUE (v)

Power Comparis.n: _ Field Comparison:

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:1V):

None

RESONATOR TYPE (I): Steeding Wave:

Traveling Wave (Ring): Reverse TW:

BRANCH (v): Position: . Negotie:.

OPTICAL ELEMENT MODELS INCLUDED (v):

Fiat Miners: Sphe.ril Minors:

Scraper Miners:_

Avions

Arbitrary:

Linear:

Parbela-Parbela:

Variable Con Ofsfe:

other ( perify):

Detoeh abls Minr:

Spatial Filter: - Gratings:

GAIN MODELS(IV): BRr..CevoxyOnly:

Simple Saturated Gain: - Det.iI.d Gain:

BARE CAVITY FIELD MODIFIER MODELS iV):

Miner oT: Decentration:

Abe-tixn../Thbem Didortions:

Arbttrry:

Selected (speify):

Reletinify Less:

OutputCoupir Edges: Relied:

Serrated: .Other:

LOADED CAVITY FIELD MODIFIER MODELS Iv):
Medium Index Vadat0e:

FAR-FIELD MODELS (v): Beam Steeing Rem-oal..

Optima Focal Searoh: _ Beam Quayy

I I

GAIN REGION MODELED (V):

Compart Region: _Ann-lr Region:

COORDINATE SYSTEM (Coetsiu., vylinddvl., etc.)

Compact Regin:Ca Aunular Region:_

KINETICS GRID DIMENSIONALITY (I):

Compact Re L]gio]
Annular Region

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.e.?: _ Fw.. Directivo?. /

PULSED: / CW: .! KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED IV):
S X: Y 2=V F Cl BI

Cold (F'H2):D

Hot IH 0 Fl: .~..Chain IF - H, & H F21:V

Other (Ipaify):_

ENERGY TRANSFER MODES MODELED (V): Relecee

VT: V/ See rate coefficient reference

V, R:_I

viv / See rate coefficient referencE
Other

Single Ues Model , / *

Mu1 iline Model -IV):

A.suwed Rotational Population Distribution State (V:

Equilibiu: I/ Nonequilibrum:

Number of Laer Lines Modeled: 9

Se.r.e e Rate Coeffients Used in Code: 

LINE PROFILE MODELS 'i):

Collisonal Boadening:

Other(spevity):Voiqht function (includes
Doppler and collisional broadening).

*Lasing on only one transition between
prs of vibrational levels.

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) i6i:

Cylindrial., Radially Filoing: I/

Rectungul-r. Umuds Flowing: V
Other-Rectangular + varging area due

to snrouls.
COORDINATE SYSTEM: Cartesi an
FLUID GRID DIMENSION (v)I: ID 21: 3D:-

FLOW FIELD MODELED (V):

Laminar: /.Turbulent: /

BASIC MODELING APPROACH (i):

P-ired_ Miing: /.! scheduled mass addi
mihenr ..... vine.ti on)

Other ftpoify):

Referencens r Approach US __-

THERMAL DRIVER MODELED (v):

bro Hat.er: ______CoRmbuslur:

Shock Tube: ..... Resistance Heater:________

F-ATOM DISSOCIATION FROM Vi:

F2 : V SF: V/

Other (speity): NF3

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Yes

DILUENTSMODELED:He, Ar, N2, others 'os-
MODELSEFFECTSONMIXINGRATEDUETO(): 51 e

Nozzle Boundary Lye / Shock Waves:

Prewactixen (hermal blockage): / Turbulenc:/..

othr,(specify):Rate of mass addition to
mixing zone calculated as part of
soluti on using local values of var-
1 abl is

MODELS EFFECTS ON OPTICAL MODES DUE TO (Vi):

MedMia Indr Veriuns:

- - - -m-- - --- --- - = ---
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CODE NAME: |_ELNWD2

CODE TYPE: OPtics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Compute transverse eigenmodes of bare annular resonators and
later add simple gain.

ASSESSMENTOFCAPABILITIES: Mode loss, frequency, mode shape. and optical quality versus equivalent Fresnel
number, magnification, and fractional length that is compacted.

ASSESSMENTOFLIMITATIONS: Linear mirrors; low azimuthal modes; geometry. Extensions are difficult NEo Q 1
due to asymptotic Fresnel approximation.

OTHER UNIQUE FEATURES: Can model HSURIA and compact unstable confocal resonator.

ORIGINATOR/KEY CONTACT:
Name: John Ellinwood Phone: (213) 648-7391
Organization: Aerospace Corporation
Address: Box 92957, Los Angeles, -California 90009

AVAILABLEDOCUMENTATION:T=Theory,U = Userr.RPS;RelevantPublication): (T) To be submitted to JOSA; (U) none;
(listings) custom available; (RP) see literature on asymptotic methods.

STATUS:

Operational Currently?: No

Under Modification?: Under devel opment
Purpose(s):

Ownership?: Aerospace Corporati on
Proprietary?: Distribution controlled by USAF.

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 76/172

TRANSPORTABLE?: No guarantee
Machine Dependent Restrictions: Plot routine

SELF-CONTAINED?: No

Other Codes Reotuired (name, purpose): Special functions, IMSL

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 40K 5
Typical Job: 40K 5

Large Job: 40K 5
Approximate Number of FORTRAN Lines: 400

II



CODE NAME: I ELNWD2

_ I I

BASIC TYPE IV):

Physical Optics:f/- Geometrical:_

FIELD (POLARIZATION) REPRESENTATION (V):

Scal-r: / Vector:

COORDINATE SYSTEM lCartesiav cylindrial. etri:.

Compact Regin: Cy Aunnular Iegion: CY

TRANSVERSE GRID DIMENSIONALITY IV): ID 2D

Compact Region: /

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None

MIRROR SHAPE(S) ALLOWED Vi):

Square: Circulr: Strip:

Rectanguer: Elliptic.l:._ Arbitrar.y:

CONFIGURATION FLEXIBILITY (v):

Filed. Single Resonator Geometry: /

Filed, Multiple Resonator Geci etries:-

Modular, Multiple Resonator Ge ometri_ ___

PROPAGATION TECHNIQUE In:: ihai .

Fresnel Integral Algorith-s:

With Kcrnet Averaging

Gaussian Quadrature:

Fst Fourier Tranorm (FFT):

Fas Hankel Transrm (FH):

Gardener-Frmnl.Iirchhof (GFK):

X- - --- i -~ - .

RESONATOR TYPE IV): Standing Ware: v
Traveling WAeo (Ring): - Reun TW:

BRANCH (V): Positiv: / Negative-

OPTICAL ELEMENT MODELS INCLUDED IV):
Fi.t Mirors: Spherical Mino:

Cylindical Miror: Telescopes:

Scraper Mirrors:

Avirons W..ic... R c

Arbitrary:

Linear: 00 /e l ic n

Parabele-Parabela:

Variable Cone 0..5ft:

Other ptcify):

DOe-on--ble Mitort:

GAIN MODELS (V): Bra Cvity Only: V/
Simple Saturatd Gain: Soon 1.Detied Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Miert Tlt: ODx entration:

Abenati.nsl.mnrmul Dinortiots:

integral equa ;nre l .ntegralintegral equationFresne itgasi Rdl..tidty L-~

amear exvpicitCONV RGENCrETeE CHlNIQCUiE 

Power Comparison :_ Field Comparison:

OhnrAnalytiC convergence as per

ACCELERATION ALGORITHMS USED?: None

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Prony: Polynomial roots

Other:

Output Coupler Edges: Rolled: 

Serted: _ Other:

LOADED CAVITY FIELD MODIFIER MODELS IV):

Medium Inds, Vadatie:_

G.. Absorption:

Ovedapped Beams:_

FAR-FIELD MODELS (V): Beam Steeing Removal:_

Optimal Focal Search: _ B_ Q.ity: Soon

Other:

GAIN REGION MODELED IV): None
Compact Region: _Annular Region:

COORDINATE SYSTEM (Ctrtesin. ylindrifdva. e.)

Compact Region:_ Annular Region:

KINETICS GRID DIMENSIDNALITY (I:

Compact Region: [1W
Annular Region: = W

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Very Along Optic AYC... _ Fow Direcdion?i .

PULSED: _ CW:_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED ii):

X + Y2 = X | Y x F CI B, I|

Cold (F' H 2): D _ _

Hot (H t F2):_Chain IF o H2 & H O F2):.

Other (spvify):

ENERGY TRANSFER MODES MODELED (iV): Rlerenec

V-T: 

V-R:_

VV: Ir

Olh-r 

Single Line Model :

Multilinc Model - i/): _

Assumed Rotationl populatiox Distribution State A/):

Equilibrium: _ Nonequilibnum: -

Number el Laser Lines Modeled:.

Seure el Rets Coefficients Used in Code:_

LINE PROFILE MODELS IV):

Doppler Brpadening:_

Collisional Broadening:_

Other (-perib):

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) IV): None
Cylindrical, Radially Floeing:

FLUID GRID DIMENSION (V): ID: 2D: _ 3D:-

FLOW FIELD MODELED IV):

Laminar: .... Txrbulent:

BASIC MODELING APPROACH (Vi:

Premi.ed: _ Miling:

Other (specify):

Rferenves Ior Approach US e d :

THERMAL DRIVER MODELED I):

Ar. Heater:_Cvwbustor: -

Shock Tube: _Renistenc Heater:

F-ATOM DISSOCIATION FROM IV):

F2h SFp :

Oth., (,pCify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:..

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (i):

Nozle Boundary Layert..: Shck W ... _ _

Other (splfyl):

MODELS EFFECTS ON OPTICAL MODES DUE TO (V:

Media Inden Variations_:

Other ( perifyb:

I I I
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CODE NAME: r GASS FR

CODE TYPE:

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Invisciu TIOW cUUL UsinrY tIe tIlelt2Lor Ut ciJiicstt a

accounts for heat release. It is used for cavity flows with heat release defining shroud contours
flow conditions at end of cavity. etc.

ASSESSMENTOFCAPABILITIES: It can calculate mean flow Parameters in the laser cavity and the variations
normal to the optical axis, resulting in optical path difference fields.

ASSESSMENTOFLIMITATIONS: It does not do the laser mixing problem and the heat release is an input.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT: _

Name: D. Haflinger and P. Lohr Phone: (213) 536-1624
Organization: TRW DSSG

Address: R1/1038, One Space Park. Redondo Beach, California 90278
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication):

STATUS:

Operational Currently?: Yes

Under Moditication?:

Purpose(s):

Ownership?: TRW

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: No

OtherCodesRequired(namepurpose): Combustor (GLAD) generates inputs to GASSER at the cavity entrance.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) I Execution rime (Sec. CDC 7600)

Small Job:
To i-i x n 50K 25
Large Job:

Approximate Number of FORTRAN Lines: 0

F-1

rr,

t=
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CODE NAME: I GASSER

BASIC TYPE IV): None

Physical Optics:-Groetr~ial:_

FIELD (POLARIZATION) REPRESENTATION

Scaler: _ vector:

COORDINATE SYSTEM (CaCtsian. cylindical. xtl.):.

Compact Region: - Annular Regio..:_

TRANSVERSE GRID DIMENSIONALITY (I): ID 20

Compact Region:

An.ular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED MVi:

Squam: _ Cirevor:- - r-i,

CONFIGURATION FLEXIBILITY (V):

Fined, Single Reson.tor Geometry:

Fired. Multiple Resonator Gemoe _ _ _ _ _ _

Modular., MuItiple Reonator Ge oetries:

PROPAGATION TECHNIQUE iUx:l -i x Iv):vi COMPACT ANNULAR

Frcsnel Integal Algorliths:=

With Kemel Averaging

Gaussian Quadature:

Fast Fourier Treostone IFFM^: I
Fast Hankel Transtorm (FHT^:

Gadener.Fres..l-girrhhon (GFK):

Other peCify:):

CONVERGENCE TECHNIQUE (ii:
Pooer Comparison:. Fi.Id Compadevo

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(%):

Prony:

Other: 

None

RESONATOR TYPE (NV Standing Wane:

Traveling Wave (Ring): R..ccrse TW:

BRANCH (I): Positive: Negation:

OPTICAL ELEMENT MODELS INCLUDED (I):

atW Miors: - Spherical Minrs: 

Scaper Miner:

A.Ie.ne

Arbitrary:

ULnear:

ParaboMa-Para boa:

Variable Cos Otlet:

Other (speify):

Detemable M irros:

SpatiaI Filte- : Gratings:

Other Elements:

GAIN MODELS (/): BRre Caify Only:

Simple Saturatd GOlo: . . tailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Miner Tilft . t. orn :

Aberati..nslThemal Ditotions:

Arbitray:

Selctd (spcify):

Re1 cirt y Less:

Outpet Coupler Edgfe: Rolled:

S-nated: Other:

LOADED CAVITY FIELD MODIFIER MODELS IV):
Medium Index Varaion:

Gas Absorption:

Other:

FAR-FIELD MODELS (V): Beam SteerIng Removal:

Optimal Focal Search: Beam Quality:

Oth-e

I U

GAIN REGION MODELED (V): None
Compact Rgion: Annular Region:

COORDINATE SYSTEM (Cadesian, ylindrial. etc.)

Compact Region:_ Annular Region:

KINETICS GRID DIMENSIONALITY (I):

Compa.t Region:

Amolar Ragen: 

GAIN REGION SYMMETRY RESTRICTIONS:

Gan Vary Along Optic A.. ?: _ Fiow Directivny.

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED ii:

|y X : Y =- YX: I lHAF 

Cold IF H2): D _

Hot (H F2):-Ch.I. IF I H2 & H r F
2 )::

Other (pvify):

ENERGY TRANSFER MODES MODELED (V): Rennve

VT:_-

V-B:

V-V:

Other:

Single Lien Model IV_):

Musiline Model (\/:

Assumed Rotational Population Ditribution State i\i:

Equilibrium:- Nonequilibrium-:

Number Wl Laser U..e Modeled__

Seurce 01 Rate Cod c:-cent Seed in Cde:

LINE PROFILE MODELS iV:

tuiiisinnai ereagening:
O ther Inperdyl: __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GAS DYNAMIS

NOZZLE GEOMETRY MODELED (and type) (iy:

Cylindrical., R.di.lly Flowing:

Rectangular., Uneady Flowing: 1/

FLUID GRID DIMENSION (VI: ID:_2D: V 3D:_

FLOW FIELD MODELED (V):

Laminar Tcrbuleot:... -

Other: Inviscid with scheduled heat
BASIC MODELING APPROACH (IV): release.

Premi..d: ./ Miling:

Other Ispeify):_ _

Rd.eren.csorApp-achUsed: Leipman and Roshko
"Elements of Gas Dyn;" Shapiro "Dyna
ics and Thermo of Compressible Flow

THERMAL DRIVER MODELED (V):

Adc Heater: Combuor: _

Shork Tube: R..sistance Heater:

F-ATOM DISSOCIATION FROM (6

F2:SF,:

Other (isp l _ _ _ _ _
F-ATOM CONCENTRATION DETERMINED FROM MODEL?:NDl.

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (IV):

Nozzl Boundary Layers::_ Shock Waves:

PorectRe Ithemal bleo bakg): _ Turb ulence_ _

Other (pifyc):

MODELS EFFECTS ON OPTICAL MODES DUE TO (v):

Media ledno Variations /:

Other (Ispeoy:_ _

II I

- l -a - - - m m - m W I"

I
r-

COORDINATESYSTEM: Ca

I

I

I

11 

- L. . .w j I --- I

RESONATORTYPE(N/y 

St-di.tift.: GAIN REGION MODELED (14: None NOZZLE GEOMETRY MODELED (..d 1,p.) (A&

T... 

II.g W.. (Ri.g): - R .. - Tw: . . C--P..t R.gi.n: - A-W., R.gi.n: _ Cyli.di..I, R.di.11y Fl..I.g:

BRANCH(N/): 

PO-iti-- Ngti.: COORDINATE SYSTEM (C.It"i.,. yII.dic.I, tic.) R..t.ng.l.,. U... dy I'l-ing: I/

OPTICAL 

ELEMENT MODELS INCLUDED (N& G--P.ct R.glo.:- A.-I., R.gion:_ Oth-

Fla 

W---: _ Sph.,ic.f MI- � � ...--- ---- . /

I

I



rCALCODE NAME: I

CODE TYPE:
Kinetics

- … 1 - - - -- _ _ t hmlhm1 Is IsO _ st 4..-I

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: I0 Pr-UVIUe te!.tremie vy e l nIU I sieiii OIii4lIs - I ir Ior-in,,II'

which is anchored to available data base for nozzle being studied. Used with SAIGD.

ASSESSMENTOFCAPABILITIES: Principally designed to analyze source flow nozzles but can also be applied
to conventional 2-D slit nozzles.

ASSESSMENT OF LIMITATIONS:

OTHERUNIQUEFEATURES: The gain algorithm is a simplification of a full oasdvnamic/kinetics code.
A series of gasdynamic and kinetic parameter profiles are passed from the full code to the gain
algorithm in the form of a data file. The gain algorithm then solves the lasing specie equations
for that gasdynamic/kinetic field with an imposed intensity profile (see SAIGD).

ORIGINATOR/KEY CONTACT:
Name: Kerry E. Patterson phone: (494) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road. Suite 220. Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Thory, U = User, RP = Relevant Publication): (T) HF Laser Subsystem Technol ogy Assessment
(DARPA Interim Report) Science Applications, Inc., Atlanta, Georgia, July, 1979. Section 3.

STATUS:
Operational Currently?: Yes

Under Modification?: Yes
Purpose(s): Extend to multi-line capability.

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cvber 175

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: No

OtherCodesRequired(namepurpose): SAIGD - SAI gasdvnamics code generates gasdvnamic field
variables as input to this code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: Ne li ible 0.1

Large Job:

Approximate N

�E
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CODE NAME: I GCAL

BASIC TYPE (V):

PhysicaI Optics:._Gomotrica.:_

FIELD (POLARIZATION) REPRESENTATION (V):

Scal-r: Vector:

COORDINATE SYSTEM (Cadesin., tylindrical .):v

Comport Rcgion: Annular Region:.

TRANSVERSE GRID DIMENSIONALITY (Ni: 10 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRIC IOS_ ____

MIRROR SHAPE(S) ALLOWED (V):

Sqoare: .. .. Circular: . .... S triip-

CONFIGURATION FLEXIBILITY (v):

Fiend. Single Resonator G eometry:

Fseid. Multiple Resonator Geometries:

Modulr., Multiple Resonator Gemtd:_____

PROPAGATION TECHNIQUE 1/a:: Iha ,cply: COMPACT ANNUALO

Frenet Integral uAlgrithms:

With Kcmel Averaging

G..ssian Quadratur:

Fast Fourier Trandoerm IFF:_

Fast Hankel Transone (FHT):

G.rnnoerpraeeI -KirchhvTl (GFK):

Other (specify): _ _

CONVERGENCE TECHNIQUE (N):

Poeer Compedson: . FieId Comparion:

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:IVI:

RESONATOR TYPE (V): Slaninng Weto:

Tra.eIng Wave (Ring): - Reve-. TW:

BRANCH (V): Posz inx: Ncgaiyc:

OPTICAL ELEMENT MODELS INCLUDED (%):

Fiat Minor: Spheial Minos:

Cyiinancat Miror: .. i esvopes:

Scrper Mirmo:

Avivons Wasicons |Rellaxicons

Arbitrary:

Linear:

Parabela-Farabota:

Vadable Corm Of1:

Other Ispeolfy):I I I

Delonmable Miner:

Spatial Filter: Gratings:

Other Elements:

GAIN MODELS (V): BRa Caviy Only:

Sfmple Saturted Gain: . Detaiid Gain:

BARE CAVITY FIELD MODIFIER MODELS V):

Abertin.s/Thermal Ditrtoions:

Arbitrary:

Selected npeily):

RIetctifity Less:

Output Coupler Edges: Roiled:

Senated:_ Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Ixncd Varaton:

DNedapped Beams:

FARFIELD MODELS (/): Beam Stecring Removal :

Optimal Foca Se.rch: ...am Quality:

Other:

I I

GAIN REGION MODELED (I):

Compact Region: J A-nuir Rcgion:. /

COORDINATE SYSTEM (Canrixn, ylindrical. etc.)

Compact Rgion: Ca Anoela, Region: CY

KINETICS GRID DIMENSIONALITY CV):

Compact Regon:

Annular Raein _ r 

GAIN REGION SYMMETRY RESTRICTIONS:

GMn Vary Along Optic Ase?: Yes o * owirectixnt,, S..e 

PULSED: - CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

X~ :| Y2=YX Y |F|C| Br |I |
Y+2YX+ H | I BX | I

CId (F H

Hot (IH F2 ): ./ Chaln (px H2 &H

O th er ( ,p ec if yl: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ENERGY TRANSFER MODES MODELED IV): Betreec

V-T:V Cohen & Bott (1976)

V-R:

VPv:

Other:

Siege i.ne Model(iV): j(Wi th mul ti-l ine
Multiline Model - V: corrections)

Assumed Rottimal Population Distibutive Stat (e&

Equlibrim:..:_ Non.quilibdum _

Number of Laser Lines Modeied:

Seu.. of Rate Coefficients Used in Cod.c: Cohen
& Bott (1976)

LINE PROFILE MODELS I):

Dox.,i.BMxxi.,i,,. 0

I I~~~~~E '- 
* with multiple gain sheets

I

GAS DYNAMICS

NOZZLE GEOMETRY MODELED land type) (V):

Cylindrial, Radiaily Fiwling:

Rectanguar, iUexady Fiowing:

FLUID GRID DIMENSION (V: ID:_2D:._3D:-

FLOW FIELD MODELED IV):
Laminar:_ Tur.uieb...

BASIC MODELING APPROACH (Vi:

P,.mi.ed:_Mihing: ,

THERMAL DRIVER MODELED (VI:

Am Ha Ter: Combustor:

Shock Tube:.... Resistance Heater:

F-ATOM DISSOCIATION FROM (I):

F2 _Sf6:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO 0V):

Nozzl Be..inary Lyc..: Shock Wae: ___

Proiact..ns (thermal blockag..):_TrbulIn.e:

Other (spcify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI):

Media teds, Variations:

Other (Ispevill:

- a - - - - - - M M - - M a low

U
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CODE NAME: I GENRING

CODE TYPE: _Opti cs

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: To model chemical laser ring resonators utilizing linear and non-
linear reflecting axicons to produce an annular gain region; to study and trade off ring resonator
candidates; to study effects of spatial filtering on mode control; to study the concept of (scraper)
aperture self-imaging.

ASSESSMENTOFCAPABILITIES: Models bare and loaded unstable ring resonators of aligned circulary-shaped
optics which employ a pair of similar reflecting axicons. Models positive and negative branch
resonators. Models simple gain. Uses Fresnel-Kirchhoff propagation. Models far-field performance.

2-D plots.

ASSESSMENTOFLIMITATIONS: Cavity fields are assumed to be circularly symmetric; this is a 2-D code.

OTHERUNIQUEFEATURES: Models positive and negative branch P-P waxicon (reflaxicon)/P-P waxicon
(reflaxicon) ring with or without offset. Bare or loaded. Also models linear waxicon (reflaxicon)
combinations. Easily modified to model ring resonators without axicons.

ORIGINATOR/KEY CONTACT:
Name: Carl M. Wiggins Phone: (505) 848-5000
Organization: The BDM Corporation

Address: 1801 Randolph Road S.E., Albuquerque, New Mexico 87106
AVAILABLEDOCUMENTATIONIT-Theory U - User, RP =ReleantPublication): (T) and (U) "GENRING: A Computer Code for
Modeling Cylindrical Unstable Ring Resonators With Internal Reflecting Axicons" BDM/TAC.79-152-TR,

The BDM Corporation. May 1. 1979; listings available from AFWL/ALR.

STATUS:

Operational Currently?: Yes

Under Modification?: No
Purpose(s):

Ownership?: Government (AFWL/ALR)
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes. except for plot routines
MachineDependentRestrictions: Uses AFWL plot library METALIB.

SELF-CONTAINED?: No

Other Codes Required (name, purpose): Uses AFWL plot library METALIB.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 200K 5
Typical Job: 200K 15

200KLarge Job:

Approximate Number of FORTRAN Lines:

:2-

I'm
t=

-

M
1 30

1 700



OrI'ta1jibU I
I I

BASIC TYPE (V):

Phonicul Oplico emez-:

FIELD (POLARIZATION) REPRESENTATION (VI:

Scalr:/ Vector:

COORDINATE SYSTEM (Cartesia., cylindriaI, esi):.

Compact Region: CYY Annular Regivn: CY

TRANSVERSE GRID DIMENSIONALITY (V): 10 2D

Compact Region:

Annular Regiun:

FIELD SYMMETRY RESTRICTIONS?: Yes

MIRROR SHAPE(S) ALLOWED (V):

Square: Cir.Oular: Strip: V'
Rectaogublr: _ EIIiptivcI: _ Arbitrory:

CONFIGURATION FLEXIBILITY MVi:

Fixed. Single Resonator Geometry:

Fiseid Multiple Rosonator GmPmetries: V
Modular, MuItiple Resonator Gometries:_

PROPAGATION TECHNIQUE -,a:: isi, )rpl: COMPACT ANNULO

Frese.. Integral Algorithms:

With K.emel A-eragig=

Gaussian qoadrature:

Fast Fourier Transorm (FFT):

Fast Hankel TransOrm. (FHT):

Gsrd n...r.e.oKlirrhhfft (GFIK:

Othert(ypcify): Midpoint rule

CONVERGENCE TECHNIQUE (V):

Prom, Compari-n: V Field Comparison:

ACCELERATION ALGORITHMS USED?: None
Technie: -

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(Vl):

RESONATOR TYPE (V): Standing Wave:

TraveingWare(Ring): '/ ReonrsrW:

BRANCH (V): Position: T NegabVi: v

OPTICAL ELEMENT MODELS INCLUDED (V):

FI.t Minr: V Sphercal Minors: 

Cylindrical Miner: . TeIespes: v

Scrape, Minrs: TI

Aelcons

Arbitrry:

Linear

Parabla-F araboka:

Var.iabl Coos Offse

Other (sperify):

Detomnabie M i n m:i:

s.I--- vF

WaIond- |Rflaxicns

= =
T! v

y/ v
I R I

Other Elements:

GAINMODELS(IV): B .CditybOnly: v

Simple Satunrtd Gain: tI Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Miner Tin: . D-leintnatixn

Abe-olv../ThbmvI Di.rtfi-ne:

SeIeced (.pevty.: Can mod for circular
symmetric oistortions.

ReleCtioity Less:

Output Coupilr Edge: Roled:

S dtnn.d:-Oth -r:

LOADED CAVITY FIELD MODIFIER MODELS MVi:

Medium Indes Vaation:

Ovedepped Beams:

FAR-FIELD MODELS (V): Beam Steering Rrmonai.

Optimal Focal Sea..h: T Beam Qualny V'

GAIN REGION MODELED (V): None
Compact Region: _ Annular Relon:

COORDINATE SYSTEM (Coresin. cylindrial. tc.)

Compact Region:_ Annular Regi.n: _

KINETICS GRID DIMENSIONALITY (V):

Compect RBeKio:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic AX.s?._ Fio- Dirc-tion. .

PULSED:_ CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):

| 1 . Y2 = X + Y Xl Y\ I Cl 

I Y : :2 =- YX: : XJ H _ _

Cold IF 0 H2): D

Hnt (H . F2):_ Chain IF 0 H2 & H n F2
):

Other (pifly):

ENERGY TRANSFER MODES MODELED (V): Referene

vv: I
V-B:

Oth.r:

Single Une Model :

Multiline Model] 
1
V):

APeumed Rotaional Popubation Diodbuti.on Slate lti

Equilibrium:. Non.qtilibnbrium:

Number ol Laser ULne Modeled __

Seurce xf Rate Ctficients Usd in Cede:_

LINE PROFILE MODELS IV:

Collisional Broadening:

Other (spciy): _

I I 

| GAS DYNAMICS I

- NOZZLE GEOMETRY MODELED (and tyP) (V): None
Cylindiiral, Radially Flowing:

Rectangular., Unea.fy Flowing:

Othe.

COORDINATE SYSTEM: S

FLUID GRID DIMENSION (V): D: 2D:, 3D:-

FLOW FIELD MODELED CV):
Laminar: Trun:

BASIC MODELING APPROACH (I):

Pr mixed: _ Mieing:

Other (eitvlr:

Reterenres fr Apprach Us d:

THERMAL DRIVER MODELED (VI:

Arc Heate.:_CombuItor

Shock Tube: Resistance Heae-:

F-ATOM DISSOCIATION FROM (V):

F2:SF,:

Oth.r (spelfy]:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:.

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nuzle Boundary Laye:.. ShCk Waves:

P eti ...ons (thermul bokage.):_TurbuIen.e:

Oth.e (IsPevify _

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Medi. Indny Variations:

M m - - W - - - - urn - - M M

CODE NAME: I

I

I

I
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CODE NAME: E

CODE TYPE: Gasdynamics Code

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: General I
nozzle analysis. Used for external and inte

rpolation Method (GIM) is used for laser cavity and
I flows.

ASSESSMENT OF CAPABILITIES: Multidimensional 2-D, 3-D viscous, diffusing flows; time-dependent. Will
eventually combine this capability with the chemical kinetics of ALFA and APACHE.

ASSESSMENT OF LIMiTATIONS: Simplified diffusion.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: D. W. Lankford Phone: (505) 844-9836
Organization: Air Force Weapons Laboratory
Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLEDOCUMENTATION:(T=TheoryU = User, RP= RelevantPublication): (T) (U) To become available after modifi-
cations are completed.

STATUS:

Operational Currently?: Yes
UnderModitication?:, Yes, from December 1979 until January 1981.

Purpose(s): Add all chemistry and laser physics capabilities of ALFA.

Ownership?: Lockheed Space and Missiles; USAF after modifications complete.
Proprietary?: Yes, while under development by Lockheed.

MACHINE/OPERATING SYSTEM (onwhichinstalled): CDC 176. Star, Cray.

TRANSPORTABLE?: YP 
_

Machine Dependent Restrictions: None

SELF-CONTAINED?: No
Other Codes Required (name, purpose): Three modules: geometry mesh, code assembly, operational assembly.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job:
lOOK CM/500K ECS

Large Job: 1l UY t

Approximate Number of FORTRAN Lines:

:M/1000K ECS

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

1 1-2 hours
I 2+ hours

rTM

n erkLt r



CODE NAME: [

BASIC TYPE (V): None
Phyvical Xpticu:.Gronetnicai:.

FIELD (POLARIZATION) REPRESENTATION VN):

S-l-r: _ Vector:

COORDINATE SYSTEM (Canesi.n, cylindrial. etc.):.

Compact Region: Annu1ar Region:_

TRANSVERSE GRID DIMENSIONALITY (V):

Co-pact RVgion:

Annular Region:

FIELD SYMMETRY RESTRICTIONS ?: -

MIRROR SHAPE(S) ALLOWED IV):
Square: Cirvole,: Strip:

Rectangular: Elliptica.l: Arbitrary:

CONFIGURATION FLEXIBILITY IV):
Fiend. Single Resonator Geometry:

Fined, Multiple Reson.tor Geometries:

Modular. Multiple Resonator Geometries:_

PROPAGATION TECHNIQUE l1/all xi Ppcv): COn-ACT. ANNUL

Freonel integral Aioithm-:

With KIernel Aunragiog

Gaussian Quadrature:

Fast Fourier Transorm (FFT):

Fast Hankel Transtorm (FHT):

G.rd.n.-Freei-richhoff (GFK): =g

Other (Ipecify ):

CONVERGENCE TECHNIQUE IV):
Power Compainson: Fild Comparison:

ACCELERATION ALGORITHMS USED?:

PTICS i
None

_ RESONATOR TYPE (IV): Standing Wa..:

Travling Wau- (Ring): - Reverse TW:

BRANCH (V): Positin: Negatin:

OPTICAL ELEMENT MODELS INCLUDED (V):

Fiat Minors: Spherical Mirrors:

scraper MInor:

Avicons

Arbitrary:

Linear:

Parabola.-Prabola:

VarIable Cone ORset

Othe. (spvCify):

Delormable Mirrr: _ ,

Spatia1 F.7ters: _ Gratings:

GAIN MODELS (V): B Catny Only:

Simple Satuated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (v):

Minor Tilt: . Daetret n:r,

Aberati.ns/.Thermm Disturtioes:

-db1-rY

Relectirity Lss: 

Output Coupler Edges: Roiled:

Serated: - ther:

LOADED CAVITY FIELD MODIFIER MODELS (VI:

Medium Index Varti-n:

Gas Absorpti-n:

MULTIPLE EIGENVALUEIVECTOR EXTRACTION ALGORITHM:(d): I Oedapped Beams:

FAR'FIELD MODELS (V): Beam OStling Removal:

Optmal Focal Se.rch: _ Beam Quality:

Other

I � I

GAIN REGION MODELED IV): None
Compact Region: _ _Annular Region:

COORDINATE SYSTEM (Carteian. cylindrcal. etc.)

Cumpact Region: _ Annular Region:_

KINETICS GRID DIMENSIONALITY (16:

Compact Rgion: _

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along OPtic Ax-s?: Flow Direotion:..

PULSED: _ CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):{ X +Y
2 y X'V F IlC B. I I

V X X'=SV +5 _ _ 1
Cold IF 'H):D

Hot (H F
2 ):- Chain IF v H2 & H ' F2):

Other (pley): ,,

ENERGY TRANSFER MODES MODELED IV): ReNereee

V'T: I

V-TR:

OR: .

Singe. Line Model :

MuItiline Modal -IV):

Aissmed Rodto.nal popuabtin Distrbution Sate (v):

Equilibium: ...Noneqiibrium:_

Numbe 01 Laser Unes Modeled:

Seurve o0 Rate Ceffiliento UFyd is Code:_

LINE PROFILE MODELS I):

Deppler Broadening:

ColioV -haei-

| GAS DY

NOZZLE GEOMETRY MODELED and type) (VA
Cylindrial., Radially floing: vI

Retangular. Un.ady Fn.ing: I/

COORDINATE SYSTEM: Ca and cy
FLUID GRID DIMENSION (I V):ID: . 2D. : V/ 3D:_

FLOW FIELD MODELED (V):
Laminar' / Turbulent: v

Other: Recirculating
BASIC MODELING APPROACH (I):

Pnemined:_Mising: VI
Other (se.ei h )::

RetemNees ton Appro.ch Used:_

THERMAL DRIVER MODELED (I):
Am Heate: Cumbustor: V

Shock Tube: . Resista.e H..t.e:

Other:_

F'ATOM DISSOCIATION FROM I):

F2: I" SF'

ron..x...... ''' N
F'ATOM CONCENTRATION DETERMINED FROM MODEL?: YU

DILUENTS MODELED: He

MODELS EFFECTS ON MIXING RATE DUE TO (I):

Nle Boundary Layers: / Shock Waes: I/

POthr r .pe.if_ _ (thy__ _ b_ _kg_):_T__ b_ I- _: T!

Oth.. (Specify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Indes Vadtin..s:

Other (Ipeiny):_

3 1 1m - - - - - - - - - - - s - am 

GTM

I

r-

-

I

L....mA 

I -

RESONATORTYPE(N/): 

St..dl.gft-� � GAIN REGION MODELED IV): None NOZZLEGEOMETRYMODELED(..dtyp.)(Ai):

11--lift 

W- (Ring): - R.... TW: C..P..t R.9i..: - A ... I., Rgi..: Cyll.di..I, R.di.ily FI-1.9: /

BRANCH(6 

P--Iti-- N.g.ti,.: COORDINATE SYSTEM �ylindfl..I, t..) R-tng.l.,. Li .... ly Fl..i.g: I/

OPTICAL 

ELEMENT MODELS INCLUDED (%/): C..wt R.gio.:_ Annul., R.gio.: _ Oth-

FI-t 

MI-,-: - Sph.,i..l MI-.: � � ---- - - - I

.

-I



CODE NAME: I GLADV

CODE TYPE: Gasdvnami cs

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: General laser analysis to calculate average flow properties in
nozzles and in cavity.

ASSESSMENTOFCAPABILITIES: With general input quantities such as bulk heat loss and flow conditions.
average flow conditions are calculated accurately. Two nozzle flow options are included, for high
and moderate Reynold's numbers.

ASSESSMENTOFLIMITATIONS: Detailed flow conditions cannot be predicted. Cavity chemistry is also
done by bulk procedures.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: R. Hughes/D. Haflinger/H. Behrens Phone: (213) 536-2757
Organization: TRW DSSG
Address: Rl/1038, One Space Park, Redondo Beach, California 90278

AVAILABLEDOCUMENTATION:(T =TheoryU = UserRP = RelevantPublication): (T) None; listings proprietary.

STATUS:

Operational Currently?: Yes
Under Moditication?: No

Purpose(s):

Ownership?: TRW

Proprietary?: Yes
MACHINE/OPERATING SYSTEM (on which installed): CDC 174

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 44K 15
Typical Job: 44K 15
Large Job: 44K 15

C-
rc-

-n
rrt

Approximate Number of FORTRAN Lines: soo0
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CODE NAME: I GOPWR

CODETYPE: Optics. Kinetics, and Gasdvnamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Calculational tool to study the performance of CW chemical lasers
and the interaction with the gain medium.

ASSESSMENT OF CAPABILITIES: Uses geometric optics and quasi-one-dimensional aerokinetics. Useful for
parameter studies to indicate the importance of design parameters on laser performance.

ASSESSMENTOFLIMITATIONS: Limited to HSURIA geometry only unless modified,

OTHERUNIQUEFEATURES: Resonator geometries modeled: HSURIA, reflaxicon beam compactors.

ORIGINATOR/KEY CONTACT:

Name: J. K. Hunting/T. T. Yang Phone: (213)884-2370
Organization: Rocketdyne
Address: 6633 Canoga Avenue, Canoga Park, California

AVAILABLE DOCUMENTATION: IT = Theory U = User, RP = Relevant Publication): (T) Rocketdyne Internal Letter G-SL-77-509,
October 5. 1977; (U) Rocketdvne Internal Letter G-0-78-937, January 24, 1978.

STATUS:

Operational Currently?: Yes
Under Modilication?:

Purpose(s):

Ownership?: Rocketdvne
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 176 NOS BE

TRANSPORTABLE?: No
Machine DependentRestnictions: Uses CDC Fortran extended features, uses CDC LCM.

SELF'CONTAINED?:

OtherCodes Required (name. purpose): DISSPLA Plot library.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

SmallJob: 16K/15K LCM 10 sec/iteration
TypicalJob: 16K/15K LCM 10 sec/iteration
Large Job: 16K/1SK LCM 10 sec/iteration

Approximate Number of FORTRAN Lines:

0- -
3200



CODE NAME: I GOPWR

BASIC TYPE (V):

Physical -pticc:...Groi eica-:V

FIELD (POLARIZATION) REPRESENTATION (V):

Scaler: T Tetor_ _

COORDINATE SYSTEM (Canesian, cylindrical,. et.):.
Copnct Region: .YAi.nnuIar Region: CY

TRANSVERSE GRID DIMENSIONALITY (i-):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: Axi symmetriC
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

RVctangulor: - Elliptical: Arbitrary:

CONFIGURATION FLEXIBILITY (v):

Fior.d. inue Re.nator Geometry: vI

Fiend, Multipil Resonator Geometrie:_ _

Modular, MUltiple Resonator me om.tie:_ _

PROPAGATION TECHNIQUE "0:: :hoi oni:COMPACT n NNUrLO

Fresn-l integral Algoiith-s:

With Kernel Ace.aging

Gaussian Quadrature:_
Fast Fourier Translorm (FFT): 

Fast Hankel Transorm (FHT):

GXrnden..Fsone -Kirchhne (GFK): = =

Other (spcify): Geometric opti s

CONVERGENCE TECHNIQUE (I):
Puoero np om: 1/ Fwd Comperixon:

AcCELERATION ALGORITHMS USED?: No
Techni-ve:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

E

RESONATOR TYPE (IV): Standing Wav y

Trauling Wave (Ring): - Reverse TW:

BRANCH (1V: Posiie: T Negati-e:

OPTICAL ELEMENT MODELS INCLUDED I%)

Fiat Mirrors: . / Spherial Mirr: I/

Scaper Mirrors:

doivons

Arbitrary:

Linear:

Prbola-Parabola:

Vaiable Cone Oflfst:

Other (spvify):

Defurmabie Mine: _ ,,

Spatial Fiite- Gratings' -

Other Elements: -

GAIN MODELS (V): Bare Cavity Only:

Simple Satuated Gain: Detailed Gain: VI
BARE CAVITY FIELD MODIFIER MODELS (V):

Miner It: Deveetration:

Aberrations/Thermal Distortons:

Retteclivify Less: -- I 
Output Coupler Edges: Roiled:_

Senated: Oth-e: _

LOADED CAVITY FIELD MODIFIER MODELS (V):
Medium Index Vdartion:

Gas Absorption:

FAR-FIELD MODELS (V): Beam Strng Removal :-:

Optimal Focal Searbh: Beam Quality:

Othbr

GAIN REGION MODELED (V):

Compact Region: . ....Annua Region: /

COORDINATE SYSTEM (Cntesian., ylindri.al. etc.)

Compact Region: CY Annular Region: CY

KINETICS GRID DIMENSIONALITY (I:

Cropat Region

Avular Region

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Avo.7: _ Flow Dire-tion..

PULSED:_ CW: - KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (IV):

| X : :2 -= YX: + Y~ lF ICl .| 

TOG| 2 =YX OS) [ T]7_ h
Cold (F' H

2):

Hot (H' F2): I/ Chain (F 1 H2 & H o F
2): V

Other (.speify):_

ENERGY TRANSFER MODES MODELED (I): Ret.ren.e

V.T: V/ I Cohen

v.v /I Conhpn

Single Line Model i(i: VI

Multiline Model -(\): V

Assumed Rotational population bistinbetion State (/):

Equilibrium: V Nonequilibnum: v

Number ol Laser Lines Modeled: < 12
Seur xO Rate Coeffiients Used in Code: Aeros pace -

N. Cohen

LINE PROFILE MODELS (N):
Dapple, Brodening: :/

Collisional Brodening: _ /

Other (pfeidy):

GAS DYIS

NOZZLE GEOMETRY MODELED (lnd type) (V):

Cylindrival. Radi.lly Flowing: _I

Ro-tanoclaL, Linearly Flowing: VI
Othe:_

COORDINATE SYSTEM: cyl indrical
FLUID GRID DIMENSION IV): ID: . 2D: 3D:_

FLOW FIELD MODELED (V):

Laminar' Turbulnt'__

oth.e: Scheduled mixing.
BASIC MODELING APPROACH (I):

Premixed:_ Mieiog: VI

ReferenreslorApproarh Used: ALOS Final Report

THERMAL DRIVER MODELED (VI:

Arc Heater:__Combustor: 

Shock Tube: Resistance Heater:

Oth.e: Not modeled

F'ATOM DISSOCIATION FROM (I):

F2 : V SF' I/

Oth .I----i :-:.....NF. 
F'ATOM CONCENTRATION DETERMINED FROM MODEL?_ *

DILUENTS MODELED: He. N;2
MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozze Boundary Laye.: v Shock Waves:

PM rea.i.ns Ithenmal blockage): Turbuinnve'

Other Ispcify): Trip

MODELS EFFECTS ON OPTICAL MODES DUE TO (IV):

Media Inden Variations: ..

Oth.e (speity):

* I 1
*Uses equilibrium thermochemistry.

M M m a s M I - ' -- - -m - -

.

cslf

-

I



CODE NAME: |_GURDM .1._I

CODE TYPE: OPtics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Originally designed to model Pratt's Intracavity Adaptive Optics
experiments. Models bare cavity compact beam resonators with circular end mirrors and one or two
internal deformable mirrors. A far-field code includes external deformable mirror, tilt removal,
optimum focus, etc.

ASSESSMENTOFCAPABILITIES: Full 3-D tilt and drcentrationn of all mirrors; arhitrary deformafions on
all mirrors; arbitrary turning angles at internal deformable mirrors. 2-D and 3-D plots.

ASSESSMENTOFLIMITATIONS: Usual paraxial requirements; restrictions on peak deformations of turning
mirrors, machine and cost limitations for large problems.

OTHERUNIQUEFEATURES: Models any two-mirror stable or unstable compact beam resonator with one or two
deformable turning mirrors intracavity, one deformable turning mirror extracavity.

ORIGINATOR/KEY CONTACT:

Name: Thomas R. Ferguson or Guy T. Worth P Phone: (505) 848-5000
Organization: The 8DM Corporation
Address' 1801 Randolph Road S.E., Albuquerque, New Mexico 87106

AVAILABLE DOCUMENTATION: t =Theory, U = User, RP = Relevant Publication): (T) (U) General Unstable Resonator with
Deformable Mirrors {Program GUR M), T. R. Ferguson et al, The BDM Corporation, BDM/TAC-79-193-TR,
March 31, 1979.

STATUS:

Operational Currently?: Yes

Under Modification?: No

Purpose(s):

Ownership?: Government (AFWL/ALR).
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 6000, 7000, 176.

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: CDC I/O, size restrictions.

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

I0 ___ -



CODE NAME: GURDM

OPTICS I

BASIC TYPE (V):

Physical Optics:- . Geometnivai:_

FIELD (POLARIZATION) REPRESENTATION (V):

Scaler: V/ Vector:

COORDINATE SYSTEM (Cadeian, cylindrica. etl.):.

Compact Region: CYAnnclar Region:_

TRANSVERSE GRID DIMENSIONALITY IV): 10 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (v):

Square: Ci.ular: Stdp:

Reotangu1.r: Elliptic...: Arbdrary:

CONFIGURATION FLEXIBILITY (v):

Fiord, Singe Re.o.ator Geomettry.

Fined. Moltipie Resonator m I mees:_ _

Modular., Multipl Resonator Geometries: T

PROPAGATION TECHNIQUE (Vxi tiac cPply)l COMPACT cNNUA

Fresnel integral Algorithms:

With KEmel Averaging

Gaussian Quadnature:

F.st Fourier Truestorm (FFT:

Fast Hunhel Transfrm (FHT):

Gardan.-Frenei..irchhf O(GFK):

Other (pecify): _

CONVERGENCE TECHNIQUE %):

Pew rCompIi on: Y FiedCompaSon:_

ACCELERATION ALGORITHMS USED?: None

RESONATOR TYPE (V): Standing Ware: V
Traveing Wane (Ring): - Reren TW:

BRANCH (I): Pxsitie: Y Negatie: I/

OPTICAL ELEMENT MODELS INCLUDED IN):

Fl.t Minors: VI Spheical Mirrors: 

Scraper Mines: .

Avirves

Arbitrary:

Linear:

Para.b -Panbola:

Variable Co." Ottet:

Othe. cspeiby):

Detormabe Minos: I/

Spaltil Filt-xr Gtings- :

Other Elemelts:

GAIN MODELS (V): BR nCavityOnly: v
Simple Storated GRin: / DdtaiIed Gain:

BARE CAVITY FIELD MODIFIER MODELS I):

Mlmmr TiM: D.e e rtation: vI
Abena6tlns/Th-Ima Ditortions:

Stiteted(.pteiy): Shape set by Zernike
coefficients input.

Retlectiety Less:

Output Coupler Edget: Role d:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Indy Vadation:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): I edapped Beams:.

FAR.FIELD MODELS (V): Beam StmIneg emoRal: I/

Optimal Focal Search: ./ Beam Quity: /

Othe- External deformable mirror,

GAIN REGION MODELED (V): None
Compact Region: Annular Region:

COORDINATE SYSTEM (Calesian. cylindria.I, etc.)

Compact Region:_ Annular Region:

KINETICS GRID DIMENSIONALITY (V):

Compact Region: [ J _ _

Annular Region: [ J_ _

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.es.: foe Direction? -

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

Xc|Y2 .=YXo.VYF Cl B 

Cold (F H2):D

Hot (HI F
2 ):. Chain (F 1 H2 & H 1cF2)

Othe. (Ispifny):_

ENERGY TRANSFER MODES MODELED (V): R.etenme

V' R:_ . _V-T: I
V-V:-

Other

Sinege Line Model

Mxitilinn Model . (V):

Aveumed Rotetional Population Ditribtiun State (\/):

Equilibdium: Nonequilibdium:_

Number ot Laser Lins Modeld:_

Seurco ud Rte Coefficients U.sd in Cud _ _ _

LINE PROFILE MODELS I):
Dpple, Broadening:

Collisional Brodaing:

Other (. ptpify:

GAS
NOZZLE GEOMETRY MODELED (and type) (V): None

Cylindrical. Radill Fooing' _ _: _

sec-anuvian Lineanty Flowing:

Other:

COORDINATE SYSTEM: S

FLUID GRID DIMENSION (iV: ID:-2D:' 3D:-

FLOW FIELD MODELED (V):

Laminar:_TunbuI..t:

BASIC MODELING APPROACH (I):

Premi.ed:._ Mieing: _

Oth-r (s..iitol:

Reteences I., Approach Usd:.

THERMAL DRIVER MODELED (v):

A.r Heater: _ Combuston: _

Shock Tube: Resistance Heater:

Oth.:

F-ATOM DISSOCIATION FROM (IV):

F2:-SF6:

Oth@. (.Pmlify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED: _

MODELS EFFECTS ON MIXING RATE DUE TO (Vi:

Nozzle Boundary Layers: Sh-ck Wau.s:

Perastin.s (thermal blockage.): Turbune' ...

Other (sseib):-

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index Varations:

Other (ifpeltyl:_

*Azimuthal Fourier expansion.
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CODE NAME: HFGOPWR

CODETYPE: Optics. Kinetics, and Gasdvnamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Calculational tool to study the performance of CW chemical lasers
and the interaction with the gain medium.

ASSESSMENTOFCAPABILITIES: Uses geometric optics and quasi-one-dimensional aerokinetics. Useful for
parameter studies to indicate the importance of design parameters on laser performance.

ASSESSMENTOFLIMITATIONS: Limited to HSURIA geometry only unless modified.

OTHER UNIQUE FEATURES: Resonator geometries modeled: HSURIA. reflaxicon beam compactors.

ORIGINATOR/KEY CONTACT:
Name: J. K. Hunting/T. T. Yang - Phone: (213)884-2370
Organization: Rocketdyne
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION: IT = Theory, U = User. RP = Relevant Publication): (T) Rocketdyne Internal Letter G-SL-77-509,
October.5, 1977;.(U) Rocketdyne Internal Letter G-0-78-937, January 24, 1978.

STATUS:

Operational Currently?: Yes
Under Modification?:

Purpose(s):

OwnershipY: Rocketdyne
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 176 NOS BE.

TRANSPORTABLE?: No
Machine Dependent Restrictions: Uses CDC Fortran extended features, uses CDC LCM.

SELF-CONTAINED?:

Other Codes Required (name, purpose): DISSPLA Plot library.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 16K/15K LCM 10 sec/iteration
TypicalJob: 16K/15K LCM 10 sec/iteration
LargeJob: 16K/15K LCM 10 sec/iteration

Approximate Number of FORTRAN Lines: 3200



CODE NAME: I HFGOPWR

I I

BASIC TYPE iVi:

Physical 0ptics:-Gromrtic e:1/

FIELD (POLARIZATION) REPRESENTATION (V):

Scaiur:i... Vector:-

COORDINATE SYSTEM (Cartesian. cylindrical., et.):.

Compact Region: CVAnnular Region: SY

TRANSVERSE GRID DIMENSIONALITY (V): I D

Compact Region:

Annular Rogion:

FIELD SYMMETRY RESTRICTIONS?: Axi svmmetric

MIRROR SHAPE(S) ALLOWED IV):
Square: .Crcular: .Stp:

Rectanguiar: Eliiptica.l: _ Arbitrr..y:

CONFIGURATION FLEXIBILITY V'):

Fiend. Single Resonator Geometry: VI
Fin.d, Multiple Rrsvnator GecMn _______

Modular., Multiple Resonator Geometrs_ ___

PROPAGATION TECHNIQUE I,/: ihai oppl,)l. COWACT -UL

Fresnel Integral Algonith-s:

With K.e.el Averaging

Gaussian Quadrature:

Fast F-orier Tanstform IFFT):

Fuss Hankel Transto IFHT):
Gard..pFr.nel.lK'rchhiof (GFK): o

Oth-- (.pecif): Geometri c opti cs . _

CONVERGENCE TECHNIQUE 0V):

P.ee Compin..n:. I/ Field Comparson::

ACCELERATION ALGORITHMS USED?: No

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:V):

RESONATOR TYPE (i): Standing Wave: /

Traveling Wave (Ring): - 1evene TW:

BRANCH (): flPositive: / Negti-e:

OPTICAL ELEMENT MODELS INCLUDED (V):

Ft Minor: . / Sphenioal Mirror: YI

Crylnindral Mirrors: .......... Teiescnoes: I/
Scraper Miers:-

AvIcons

Arbitrary:

Linear

Parabola.Parabola:

Varable Cone .S.ent:

Other (,peify):

Detormable Mirrr:

Spatial FlM er: G ra tings'.

GAIN MODELS (V): Bae C.aity Only:

Simple Satutd Gain: Detailed Gain: v

BARE CAVITY FIELD MODIFIER MODELS (v):

Minr Tilt: ..Dentraion:

Aberations /Theneal Distodi ons:

Relectioity Lss 

Output Coupler Edges: Roiled:

Sented: Other:

LOADED CAVITY FIELD MODIFIER MODELS (N):

Medium Index Vaiation:

Other

FAR.FIELD MODELS (V): Beam Stuadng Remva:.I.

Optimal Foci Search: _ Beam QGatee:

Other

GAIN REGION MODELED (V):

Compact Region: AnnuIar engine: V

COORDINATE SYSTEM (Cartesian. vylidriat. etc.)

Compact Reglon: CY Annular Region .cy

KINETICS GRID DIMENSIONALITY (16:

Compact Regi[n:

Annula. Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Ave.?: _ Flo. Dinecdti....

PULSED: CW:_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

50 T2 =yy XX 0 Y

Y+ =YX+Xp H

Cold IF H2): D

Hot (IN F2): Chain IF 1 H2 & H + F2 ): y

Other ( p e i)y):-

ENERGY TRANSFER MODES MODELED (v): Refteence

VT: Vn Cohen

V-R:

v-v: Cohen

Other:

Singe Une Mode lV,

Multiline Model (V): 1/

As-urmed Rtio .nal Po pulation Distnbhtion State (/):

Equilibd-um: 
2

INon-quilibrium: VI
Number of L.ser Lines Modeled:_- 12

Ser-cenof RateCo fficients Used in Code: AerosDace -

N. Cohen

LINE PROFILE MODELS (i):

Doppl-r Broadening: y

Collisional Broadening: 1/

Other (.spi ):

| GAS DYNAMICS]

- NOZZLE GEOMETRY MODELED (and type) (V):

Cylindrical, Radially Flooing: VI

Rectangulr., Liorarly Fiowing: V1

Other:

COORDINATE SYSTEM: cvl indrical
FLUID GRID DIMENSION (V):ID: S 2D:_ 3D:

FLOW FIELD MODELED (V):

Laminar: Turbulent'.

Oth-e: Scheduled mixing.

BASIC MODELING APPROACH (A&

Premix.d:.. Mixing:, ./

Other (.peify):

Refemn.cesfrApproachUsed: ALOS Final Report

THERMAL DRIVER MODELED (V):

Arc Heater. Comhustor:

Shck Tube: _Resitanc Heater:

_On.' Not modeled.

F.ATOM DISSOCIATION FROM (I):

F2' V SF6: VI

Oth.e (tpecity): 3

F.ATOM CONCENTRATION DETERMINED FROM MODEL?: *

DILUENTSMODELED: He, N2

MODELS EFFECTS ON MIXING RATE DUE TO (iN:

Nozle Boundary Laye- :I/ Shock Waves:

Preeactines (thermal biockage):-Trrbuenre..:

Other (spedy): Trip

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media. Iden Varations: /

*Uses equilibrium thermochemistry.
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CODE NAME: |_HFOX |_to

CODE TYPE: Ki neti cs

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Predict oscillator and amplifier performance for Sandia Lab's
hydrogen flouride fusion laser program.

ASSESSMENTOFCAPABILITIES: Can do HF pulsed oscillator and amplifier rase with longitudinal
nonuniformities, plus volume-averaged oscillator calculations. Rotational nonequilibrium, hot-
atom enhancement of hot and cold reaction rates, chain-terminating 02 kinetics, amplified spon-
taneous emission, and transverse parasitic oscillations are allowed.

ASSESSMENTOFLIMITATIONS: Initiation rate must be specified. Calculations which allow longitudinal
nonuniformity require increasing amounts of computer time as pulse length increases. No optics in
this code. Rotational relaxation limited to R-T. Difficult to add reactions to existing scheme.

OTHERUNIQUEFEATURES: Hot-atom hot and cold rate enhancement; amplified spontaneous emission along
optical axis included in amplifier calculations; amplifier input pulse detailed-spectral-time-history
description allowed; transverse parasitic oscillations allowed in both oscillator and amplifier
calculations.
ORIGINATOR/KEY CONTACT:

Name: James B. Moreno Phone: (505) 264-4259
Organization: Sandia Laboratories
Address: 4212, Laser Projects Division, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (RP ) AIAA Paper 75-36 presented at AIAA 13th
Aerospace Sciences Meeting, Pasadena, California, January 20, 1975, J. B. Moreno.

STATUS:

Operational Currently?: Yes

Under Modification?: Not at present
Purpose(s):

Ownership?: Sandi a Laboratories/D.O.E.
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600

TRANSPORTABLE?: Not very, since not documented.
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 180
Typical Job: Al1 jobs same: 150K 600
Large Job: 1200

Approximate Number of FORTRAN Lines:

I



CODE NAME: I HFOX

__ _ _ _ _ 

3s
BASIC TYPE (V): None

Physical 0ptics:-GromrtfioaI:-

FIELO (POLARIZATION) REPRESENTATION (V):

Scaiai:. _ Vectr:

COORDINATE SYSTEM (Cn.s.in. vyliondicul. 015.):.

Compact Region: - Annular Region:.

TRANSVERSE GRID DIMENSIONALITY (VI:
Compact Region:

Annular Region:

FIELD SYMMETRY RESTRTIOS_ _____

MIRROR SHAPE(S) ALLOWED IV):
Square: ..Circular: StiP:

Reotanguian: _ Elliptical:.. - ArbItry:

CONFIGURATION FLEXIBILITY (V):

Fived. Single Res.nator Geomtry:

Fined, Multiply Rs50nto, Gcm.tni-:

Modular., Multiple Resonator Geoetries:_

PROPAGATION TECHNIQUE (V.l,, /x:ixocl-. COOPSZT SNNUilL

Frenel Integral Aigvfithms:

With Keme Aceaging=

Gaussian Quadrature:_

Fast Fourier Translorm (FFT): I
F..t Hankel Tanlorm (FHT):

Gatd.nr-Frne-lKiSchhvl (GFK):= =

Other (specify):

CONVERGENCE TECHNIQUE (N):

Poer Comparion: - i... FeldCompartson:

ACCELERATION ALGORITHMS USED?:

Teohni.ue:

None

RESONATOR TYPE (V): Standing War:

Traveling Wav (Ring): - Reverse TW:

BRANCH(iV): Positive:_ Negative:

OPTICAL ELEMENT MODELS INCLUDED (ii:

Fiut Minors: SphbncuI Mirros:

Cylindrical Minors: ...Tescrpe:

Scraper Mirrors:

Avi.ons Waxi.o.s

Arbitrry:

Unear:

Pa.bob.Punuboiu:

Variab Cone Otff"t:

Other pevify):

DOxoeMabl Mirrors:

Spatial Filter: Gratings:

GAIN MODELS (V): Rr Cavity Only:

Simple Satrted GaIe: - Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Miner Tilt: Q cc...Dvetrt

Abeations/Therma1 Distnrti.ns:

Arbitrary:

Selcletd (spcify):

Rftiectit Liss:

Output Coupler Edges: Rolled: -

S.errd: - Other:

LOADED CAVITY FIELD MODIFIER MODELS (I):

Medium Ieden Vaiation:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): I Do-dpped Beams:.

Other:

FAR-FIELD MODELS (V): Beam St-ed,, Rnmnsai:.

OPtimal Foca Sarch: -...m Queliy:

Other

GAIN REGION MODELED (V):

Compact Region: _A.A.nuIar Region:

COORDINATE SYSTEM (Cadesian. cylindricl., etc.)

Compact Rngion:_ Annular Region:,

KINETICS GRID DIMENSIONALITY (V):

tCompact Region:

Annubr. Regirn:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A .s?: V OirDctixn...

PULSED: VY CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (N):
= 25YXc|Y) t Y F Cli Br |I|

t V: :: -2 YX: H X 1 H y/ B, 1 1

Cold IF I Ca): D y/

Hot (H F2): 1 Ch.. (F o H2 & Hr F 2 ):

Other (,pevify):

ENERGY TRANSFER MODES MODELED (V): ReAerenre

V-T: Y/ |Aperospace Corp. compilations.
V -B:

V.V: V IAerospace Corp. compilations

Other

Single Line Model (V/):

Muitilinc Model (\Vl: V

Assomed Rotational population Ditribution Stetc (*/):

Equilibdum: ..N.nequiirium' YV

Nomber f Laser Lines Modeld: 77*
Seurre xl Rate Coicients Ued in Codc. Aerospace

rnn 
LINE PROFILE MODELS I):

Doppler Bmadening: V

Cullsisoul Bruedenieg: V

*Variable dimension code.

| GAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (I): None
Cylindrikc, Radially flowing:

FLUID GRID DIMENSION (IV): ID: 2D:_3D.-

FLOW FIELD MODELED IV):

Laminar- Trbuie..t:

BASIC MODELING APPROACH (-6

Premixed:_Mixingg:

THERMAL DRIVER MODELED (i):

A,r Heater: Cobur..tor:

Shock Tube:_ Resistance Heatter:

F.ATOM DISSOCIATION FROM (I):

F.ATOM CONCENTRATION DETERMINED FROM MODEL?:.

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozzle Boundary Lyers:_ Shock Was'_:

Preneactions (thermal blockage): TurbuInce:

MODELS EFFECTS ON OPTICAL MODES DUE TO (6

Media Ieden Var-tions:

Other (Isppedy):

I

.

I

I

1 1-11-- "

mmm��M" so mm mm M" w mm mm



CODE NAME: I IPArnlS

CODE TYPE: ODtics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Interactive version of POLYPAGOS; conduct geometric ray trace
analysis of general optical systems; code subroutines can design nonlinear beam compactors of
reflaxicon. waxicon, and noneverting waxicon designs.

ASSESSMENTOFCAPABILITIES: Code can produce OPD and spot diagrams through systems containing spheres,
conics, torics, diffraction gratings, axicons, and corner cubes. Code can take Fourier transform of
field at output plane and generate far-field energy distributions. Can handle up to two deformable
mirrors. Will man movement of a rav via multiple passes.

ASSESSMENTOFLIMITATIONS: _Has no pnysical optics ca
model resonators by iterative solution techniques.

nabilitv internal to optical train; does not

OTHER UNIQUEFEATURES: Resonator geometries modeled: HSURIA, compact unstable confocal, unstable P-P
waxicon/linear waxicon negative branch ring with spatial filter.

Name: D. mansell/U. barnara/Kemp- Phone: - SOUL bitS-!5U
Organization: The BDM Corporation
Address: 1801 Randolph Road, S.E., Albuquerque, New Mexico 87106

AVAILABLE DOCUMENTATION: (T = Theory. U = User, RP = Relevant Publication): (T) iPOLYPAGOSi Aerospace Report TR-0059(6311)-l;
(T) "Beam Compactor Design and Fabrication Program," AFWL-TR-78-77; (T) "Geometry Ray Analyses of
HSURIA Prototypes," BDM/TAC-79-151-TR; (U) POLYPAGOS Users Manual, Aerospace TR-0172(2311)-l; (U)
AFWL-TR-78-77.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: AFWL
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: Requi res overlaying.

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 120K Sec
Large Job:

Approximate Number ot FORTRAN Lines: 8300

* TRW/DSSG, 1 Space Park, Redondo Beach, California

:;Z
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CODE NAME: I IPAGOS

I ,nT.... I I

BASIC TYPE (V):

Physical Optics: Gc.-oetnica1: 1/

FIELD (POLARIZATION) REPRESENTATION (I):

Scalar:_ VYctor_

COORDINATE SYSTEM (Catesian, Oylindrical. tc.):.

Compact Region: Ca Annular Region: CQl

TRANSVERSE GRID DIMENSIONALITY (i): SD 2D

Compact Region:

Annular Rcgion:

FIELD SYMMETRY RESTRICTIONS?:

MIRROR SHAPE(S) ALLOWED (I):

Sq.-,.: t/ Circular: StdP: .

Rrvtargul- : T Eflipticai:.k V u bitary: No

CONFIGURATION FLEXIBILITY (v):

Fiend, Single Resonator Gecmetry:___

rinee. Multiple R.sonato, Geometries:_

Modular, Multiple Resonator ommetries: - v
PROPAGATION TECHNIQUE isy:: not xpc:,): CO-yACT ANN.LAF

Frcsncl Integral Aigorithor:

With K.r..l Averaging

Gaussian Quadnature:

F..t Fouricr Tran.one (FFT):

F.st Hankel Transorm (FHT):

Gautnenr Fr..ni.Kirchhon (GFK):

Other (.pecify):

CONVERGENCE TECHNIQUE (V):
Power Comparison:_ Field Comparisn:

ACCELERATION ALGORITHMS USED?:

Teohniq.n:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

RESONATOR TYPE (I): Sending Wane: VI
Traveling Wave (Ring): I Rever W:

BRANCH IV): Position: VI N.gatioe: 

OPTICAL ELEMENT MODELS INCLUDED (iV:

Fi.t Miunos: / Spherical Mirro:

Cylindriral Miner: y T. T .lescopes' 

Scraper Miners: V
AMicos Waxicons Rflaticn|

Arbitrary:

Linear: T! T
Parabeie.ahnabeie: /

V.d.ble Cone Oeslt:

Othe, spevifyy): Noneverti ngn y/I

DBormabie M irnrs:

Spatial FIters: Grattings:

Other Elemnts: Tori cs
fCorner cubeas

GAIN MODELS (V): BRre Cavify Only: VI
Simple SGturated Gain: . Det.ied Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Minr Tilt: T D-ecntration: T/

Aberatio.s./The.-a. Distortions:

Arbitrary:

Slected (spify):

RdetictiVify Less

Output Coupler Edges: Roiled:

Serated: _ Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Indcx Variation:

inrenapped seams:

FAR-FIELD MODELS (V): Beam Stesineg Remona::_

Optimal Focal S--erh: - B... Qui BeTm

Othe, Isometrir plo tting-

GAIN REGION MODELED IV): None
Comptct Region: Annular Rcgion:

COORDINATE SYSTEM (Cartesian, cylindrical. tc.)

Compact Region:_ Annular Region:

KINETICS GRID DIMENSIONALITY (i:

Compact Region: _J _

Annular Region: [fi_
GAIN REGION SYMMETRY RESTRICTIONS:

Gais Vary Along Optic Aves?:._ Floe Dir-tiont:..

PULSED: _ CW:_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I)

ssXtY2=rt Y l F IC1. IW

Cold (F tH): D _

Hot (HI F2 ): Chain (F t H
2 & H r F2 ):

Other ( patify):__

ENERGY TRANSFER MODES MODELED (V): Relrence

VT:_-

vv.: -

Othr: _

Sinted U.n Model A

Muitilinc Model -( )i:

Assumed Rxtationa Population Distrbution State AV

Equilibrium: Nonequilibium':_

Number-u Laser U..s Modeled:

Sconuc xf Rate Coeffiolnts Used in Code:-

LINE PROFILE MODELS I):

Doppler Broadening:

Collisional Boadening:

Oth., (speHnty):_

I GAS DYNAMIC

- NOZZLE GEOMETRY MODELED (lnd type V): None
Cylindrical. Radially Fleeing:

Rectangular., Uneady Flooing:

in-,r

I OOKDNAT SYSTEM:

FLUID GRID DIMENSION (V) ID:-2D:-3D:-

FLOW FIELD MODELED (V):

Laminar-: ubln:

BASIC MODELING APPROACH IV:

POhrecif:_Miig_ _

Oth., (.p-ifyY):

Rdetenec.s ton Approah Used:-

THERMAL DRIVER MODELED (V):

Ar Heater: Combusto,:

Shock Tub.: - R.stlanc Hatr-:

F-ATOM DISSOCIATION FROM (V):

Other- (pCify: ) :-

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:..

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (VI:
Nozzle Boundary Layers: Shock Wares:

Pnerctions (thermal bockag.): . 1Tu b.l.n.e:

Other (s.pedy):

MODELS EFFECTS ON OPTICAL MODES DUE TO (V

Media Indes Variations:

M .-~I I 

I
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CODE NAME: I

CODE TYPE: Gasdynami cs

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Boundary layer analysis. Nonequilibrium Chemistry (KINEICL)
Boundary Layer Integral Matrix Program (KBLIMP).

ASSESSMENTOFCAPABILITIES: Treats laminar and turbulent flows. Multicomponent and chemically reacting
flows (including wall recombination) are analyzed.

ASSESSMENT OF LIMITATIONS: Must predetermine pressure gradient

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: H. Tong/ A.C. Buckingham/H.L. Morse Phone: (415) 964-3200
Organization: Aerotherm Division of ACUREX
Address: Mountain View, California

AVAILABLE DOCUMENTATION, (T = Theory U - User, RP = Relevant Publication): (T) Nonequilibrium Chemistry Boundary Layer
Integral Matrix Procedure, Aerotherm Report, UM7367. July 1973.

STATUS:

Operational Currently?: Yes
Under Modiication?:

Purpose(s):

Ownership?: Industry-wide code.
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: No
OtherCodesRequired(namepurpose): Codes required to generate pressure distribution.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution rime (Sec. CDC 7600)

Small Job: 120K 300
Typical Job: 120K 1000
Large Job: 1 N

Approximate Number of FORTRAN Lines:

I

VA[ TMP

1 OK 1 2000
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CODE NAME: I KBLIMP

_____ I U

BASIC TYPE IV): None
Physical Optics: G...romtricl:_

FIELD (POLARIZATION) REPRESENTATION (I):
Sc.la.,: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):.

Compact Region: _ Annolar Region: _

TRANSVERSE GRID DIMENSIONALITY (I): SD 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: -

MIRROR SHAPE(S) ALLOWED (v):

Sqoare: .. C irclar: Stdp:

Rrctangotar: Elliptica: _ Arhibxtry:

CONFIGURATION FLEXIBILITY (v):

Fised, Single Resonator Gesmety:

Fined. Multiple Resonator Gesmntries:

Modular., Moltiple Resonator G moctrino:_

PROPAGATION TECHNIQUE c -'o:: cot -r: nyOCT 3 NNULA

Fresnel Integral Algorithm-:

With Pernel Aneraging

G.os.ian Quadratare:

F.st Fooricr Tr-noform (FFT?: I
Fast Hankel Tnsform (FHT?:

Gardonor.Fronel.IKrchhoff (GFK):

Othar (speify):

CONVERGENCE TECHNIQUE (I):
Power Compadnon:_ Field Comparison:

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

'TICS
None

RESONATOR TYPE (V): Standing Wane:

Tranoling Wane (Ring): -.. Reen TW:

BRANCH (v): Position: - Negati:

OPTICAL ELEMENT MODELS INCLUDED (VI:
Flat Miron: Sphedcal Miror:

Cyliddol Mirrs: - ....Tlscops:

Scrper Miror:

AiconsI

Arhitrary:

Unear:

Paabhola.-Pa boa:

VPdahbl Coo Offrt:

Other (spcllp):

Deformahb Minors:

Spatial Filers: G ratings:

GAIN MODELS (V): BDa Colbty Only:

Simple Saturaed Galn: - DctlDd Galn:

BARE CAVITY FIELD MODIFIER MODELS (v):

Miror Tilt: ....ctration:

Abhratons/Thermal Ditort.ios:

Reflctliity Loss:

Ootpot Coopler Edges: Rollld:_

Serted:_ Other:

LOADED CAVITY FIELD MODIFIER MODELS (I):
Mcdism Inde Vadatine: _

Gas Absorption:

FAR-FIELD MODELS (V): Beam Steeing Rmona_:

Optimal Focal S-nch: Beam Qealhy:

Othe,

I

GAIN REGION MODELED (V): None

Compact Region:.Annular Region:

COORDINATE SYSTEM (Catesian, cylindrical, tc..)

Compact Region: _ AnSeedr Rcgion:

KINETICS GRID DIMENSIONALITY (VI):

Compact Region

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Aoe.:_ Flow Dirnctiony:-

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V

{ X : Y2 =YlY l - F _IC IBII

Cold (F +H2): D

Hot (H F2): Chain (F o H
2 & H o F 2 ))

Other (pecify):

ENERGY TRANSFER MODES MODELED (v): Rterence

V-T: I

vhv:-

Oth.,:

Sindgl Line Model :

MOufflin Model :

Aso.m.d Rotationa1 Population DiGtlbution Staft (V/):

Equilibdum:_ Nne.quilbri-m_

Nomber f Laser Lins Modeled:

Sour-c f Rate Coeffiients Usd in C ode:_

LINE PROFILE MODELS (V):

Doppler Broadeeig:

GAS DYMIS

NOZZLE GEOMETRY MODELED (and typo) (4):

Cylindrica. Radially Flowing: Y/

Rectangolar, LUne.dy Flning: I/

Other:_

General
FLUID GRID DIMENSION (VI): ID: 2D: / 3D:.

FLOW FIELD MODELED (V):

Lamin-r: '/ T.blent: '/

BASIC MODELING APPROACH (V):

POhrisd: _ Mii ingf I/

Oth.r(, C ib :

Re.erenoos for Approch Used: 

THERMAL DRIVER MODELED (VI:

Arc Heatrr:_Comhuotnr: _

Shook Tsbh:_ Reoistance Heatter:

Other

F-ATOM DISSOCIATION FROM (I):
F2: ' SF_:

Other (Ispaify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Yes
DILUENTS MODELED: He, N2 , etc.
MODELS EFFECTS ON MIXING RATE DUE TO (V6:

Nonol Boundary Layer: r/ Shock Wanes:

Prereactin.s (thermal blockage): _Torbulnn.c: I/

Othe, (spCify): Laminar

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI):

Media Inden Vardtions:

Othe, (spciity):-

a I~~ ~~~~~ I 
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CODE NAME: I LAPU-2

, f - ~ 4 h- -- - -- r--l--- Arvir, a ch oi- - nf
PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: UdICUISlUrlI Uo Wte PiUPcidiiUI1 VI l bIriU.I P.. s u 

laser amplifiers and absorbers including diffraction effects; cylindrical symmetry assumed.

ASSESSMENTOFCAPABILITIES: Calculates the temporal and spatial evolution of a short pulse due to nonlinear
amplification and diffraction from circular apertures and lenses; includes laser kinetics appropriate
for modeling of CO- and Nd: glass laser systems.

ASSESSMENTOFLIMITATIONS: Cylindrical geometrv assumed: is not designed for oscillator calculations.

OTHER UNIQUE FEATURES: Models unstable and hole-coupled stable confocal resonators.

ORIGINATOR/KEY CONTACT:
Name: John C. Coldstein and D.O. Dickman Phone: (505) 667-7281
Organization: Los Alamos Scientific Laboratory, Group X-1 , MS-531
Address: Los Alamos, New Mexico 87545

AVAILABLE DOCUMENTATION: ( -TheoryU = User RP = Relevant Publication): (T) (U) LAPU-2: A Laser Pulse Propagation Code
With Diffraction, Los Alamos report LA-6955.

STATUS:

Operational Currently?: Yes

Under Modification?: No
Purpose(s):

Ownership?: los Alamos Scientific Laboratory
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600/LTSS

TRANSPORTABLE?: NO

MachineDependentRestrictions: Uses storage scheme of 7600 and relies on some aspects of LTSS operating
system.

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 58K (decimal) 10 minutes
Large Job:

CODE TYPE: Optics code

0
Approximate Number of FORTRAN Lines: 2000



CODE NAME: LAPU-2

_____ I
I L. I

OPTICS 

BASIC TYPE iVi:

Physical Optics:- I/ Geomrtric.L:

FIELD (POLARIZATION) REPRESENTATION (I):

Sc alar:.... t/ vector:

COORDINATE SYSTEM (Cartesian., ylindrical., tc.):

Compact Region: - Annular Region: 

TRANSVERSE GRID DIMENSIONALITY (I): SD 2D

Compact Region:

Annular Region: t 

FIELD SYMMETRY RESTRICTIONS? cylindrical
MIRROR SHAPE(S) ALLOWED

Square: Circular: vt StIp :-

R.ctargolar: Elliptical:. Arbitrry:

CONFIGURATION FLEXIBILITY (v):

Fined. Multiple Resonator Ge omertr _ _ _ _

Modular., MuItiple Resonator I /v

PROPAGATION TECHNIQUE iVo:: ,cx

Fresnnl integral Algorithms:

With Enroel Averaging

Gaussian Quadrature:

F..t Fourier Translorm IFFT):

F.st H.okol Transform (FHT):

Gardenen'FrnsrrItKirrhhnf RGFK):

Othei(spcify): Numerical sch
by R. R. Suvdam, LASL.

CONVERGENCE TECHNIQUE (v):

Power Comparison:_ Field Comparison:

ACCELERATION ALGORITHMS USED?: .

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

RESONATOR TYPE (/): Standing Ware:

Traunling Ware (Ring): tV Revere TW:

BRANCH (V): Position: . Ngativo:

OPTICAL ELEMENT MODELS INCLUDED (iV:

Fit Mirrors: .. / Spheniat Mirrors: v

Cylindrical Mino: t/.Teiescopes: t

Scrper Mirror:

Avi.ons Wa .or, Refl.a.

Arbitray:

Linar

PaabeI.,Pa.abela:

Vr.ibl. Cone OtIset:

Othe, (specify):

Determabie Minrs:_

Spatial FilteRs: V Gratings: s

GAIN MODELS (V): Bes Cvibty Only:

Simple Saturted GVen: - Detiled Gain: v

BARE CAVITY FIELD MODIFIER MODELS (V):

Min I... DX ealn

Aberations/Thermal Distortions:

-rb1-n

Relectioity Lss: I

Output Coupler Edges: Roiled:

Serated:_ Other:

LOADED CAVITY FIELD MODIFIER MODELS (N):

Medium Ind-o Vadation:

M.eabpped BRams:

FAR-FIELD MODELS (V): Beam Steei.ng Removal:

Optimal Focal Seaoh: _ Be.am Qualiy: tI

Other:

GAIN REGION MODELED (V): None
Compact Region: _..Annu.I Rcgion:

COORDINATE SYSTEM (Cantesian. cylindical, etc.)

Compact Region:_ Annulr Region:

KINETICS GRID DIMENSIONALITY (iV:

Compact eRginn:

AnnuaIr Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Ae.s.: ._ Flow Dirction?' -

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (i):

yX+V2 = YX | Yt g | F I Cl I Br I I|

{y: 'y: : I H
Cold IF. H2 ):_ D

Hot (H 0 F2 ):- Chain IF + H2 & H - F
2 ):

Oth., (,peifyb):

ENERGY TRANSFER MODES MODELED (v): Rfeecnc

V-T: I

V.R:_-

V.V: f 

Single Uin Model (N/): _

Muiline Model -\I):

Assumed Rotatonal Population Distibution State IV):

Equilibrium: N.nequilibnium:

Number of L-ser Lines Modeled: .

Scurec 0f Rate Coefficints Uned in Code:

LINE PROFILE MODELS IV:

Doppler Bmadening:

Collisional Bedening:

I
GAS DY C

NOZZLE GEOMETRY MODELED (lnd type) (I): None
Cyliedniral, Radi.lly Flowing:

Roctangula, U..narly Flowing:

FLUID GRID DIMENSION (VI: ID:S 2D: 3D:-

FLOW FIELD MODELED (V):

La.minar:_Turb.Iem

BASIC MODELING APPROACH (I):

Prennitd: M btin g:: -

THERMAL DRIVER MODELED (V):

Ar Heater: __ Combutor:

Shock Tube: _ R..Rsistane Heater:

F-ATOM DISSOCIATION FROM (I):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:..

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO IV):
Nozzle Bo..n ary Lyr...: Shook Wares:_

Prerneotiuns (thermal blockage): Tunbul en...:

Oth., (specify):_

MODELS EFFECTS ON OPTICAL MODES DUE TO (6

Media Indes Variations':

Oth., (specify):_ _

I 
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CODE NAME: I LOADPL

CODE TYPE: Optics

f nn r, Iv 4 I GA ,4 4. - 1<t.1; f - Al , )-- I T I,
PRINCIPAL PURPOSE(SV/APPLICATION(S) OF CODE: ti-U LUCaea UaVt LY ~i h WiIVti hiiYi Vwte I sO tila Ijurpouse to 10

model some of the 3-D phenomenology associated with half symmetric unstable resonator with internal
axicon (HSURIA) with a radially flowing gain medium; performance predictions for power extraction
and beam quality; set/verify design requirements.

ASSESSMENTOFCAPABILITIES: Capable of evaluating any general HSURIA w/reflaxicon. Analytical gain model.
General field modifier, mirror misalignment, misfigure, thermal distortion, struts.

ASSESSMENTOFLIMITATIONS: Half plane symmetry, restricted to HSURIA axisymmetric or 3-dimensional
calculations.

OTHERUNIQUEFEATURES: General field modifier with deformable mirrors to correct for any aberration.

ORIGINATOR/KEY CONTACT:

Name: Alexander M. Simonoff Phone: (213) 884-3346
Organization: Rocketdyne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLEDOCUMENTATION:(T= TheoryU = User, RP = RelevantPublication): (TI (U) Simplified 3-D loaded cavity resonator
code-November 1978. G-0-78-1123; see also bare cavity code.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: AFWL

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: Yes (with modification)
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?: No. resonator geometry systems code (for other than PP reflaxicon) 3-D fairfield code.
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: < 250K 300-600

TypicalJob: < 250K 1500 Octal sec
Large Job: < 250K 5000 CDC 176

Approximate Number of FORTRAN Lines:

C")
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CODE NAME: j

BASIC TYPE (V):

Physical Optics: c Grootrical:-

FIELD (POLARIZATION) REPRESENTATION IV):

Scaar:, / Vector:

COORDINATE SYSTEM (Carlenian, cylindriaI, etc.):-

Compact Rngice:AY Secular Region:_Y

TRANSVERSE GRID DIMENSIONALITY IV):
Compact Rcgin:_

A.nular Region:

FIELD SYMMETRY RESTRICTIONS?:

MIRROR SHAPE(S) ALLOWED (VI):

Sq.ar.: Circular: Strip:

Rctangular: _ Elliptical: - hrbitary:

CONFIGURATION FLEXIBILITY (v):

Fised. Single Resonator GSesmtry:

Fiend, Multiple Resonator Gsmetrcie: /

Modular, Multiple nesonator uecmrn_ _____

PROPAGATION TECHNIQUE Val: that a-yl): COMnACT cANNUL

Frenoel Integral Algorithms:

With Kernel Aeraging

Gaussian Quadature:

Fast Fourir Tranom (FF1): I
F..t Harkel Transform (FHfl:

GSrdoe.r-Fen.nal.Rirchhotl (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (V):

Power Comparisn. T Field Com.parison

ACCELERATION ALGORITHMS USED?: Yes

Technique: Gain converaence aloorithm.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

I

RESONATORTYPE(VN: StandingWane:

Tr.o.ling Wuce (Ring): - Rc.ern TW:

BRANCH (V) Position: - Nngatioe:

OPTICAL ELEMENT MODELS INCLUDED (V):

flat Mirrors: / Spherical Mirros: /

Cylindrical Mirmrs: . TTlscopes:

Scraper Mirrors: /
Asicons Wasicoen Reflasico.s

Arbitary:

Linar:

Paraho.baParaoab:

Variable Cone Olfeet:

Other(pecify): P-P tank

Dafo sahble Mirrr: I/

Sptial Filter: Gatings:

OtherElements: Corner cube (by using
general field modifier to model).

GAIN MODELS (V): Bac Covify Only:

Simple Setoraetd GaIe: L'/ Dt.iod Gain: /

BARE CAVITY FIELD MODIFIER MODELS IV):

Minpr ilt: / D.ecerti-on: /

Ab.ration./The-al Distortlons:

T--- A4n ---- n~n ---- 4 -- 
Selected lsecityl: -utaa a e tO O II IQtpWI IEU.DUOW

Refectieity oss:t ing, HEX heating.

Output Coupler Edges: Rolled:

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Inden Vadation:

-a bopo: .

-oher Apertures

FAR-FIELD MODELS (VI): Beam Steering Remo e: V

Optmal Focal Search: T Beam Quality: T

I I

GAIN REGION MODELED (I/): None

Compact Rcgion: Anular Region:

COORDINATE SYSTEM (Con.ien. cylhndrial, etc.)

Compact Rgion: _ Annular Region:

KINETICS GRID DIMENSIONALITY (V):

Compact Region: _IL_

Annular Region: _f =i =

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Anne?: - Flow Directi.on.?

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED I):
{ X *Y2= YX + Y} F1 8rT| Ir|

Cold IF H2 -

Hot IH F2 ): Cha.n IF + H2 & H + F 2 ):

Oth-r (speify):

ENERGY TRANSFER MODES MODELED (V) RoeIenc.

V.T: I

Single Li.n Model A/:

Multiline Model. 
1
V _

Assumed Rotational Population Disthbution State 
1

VI
1
:

Equilibrium:, .No.e.qilibrium: -

Number of Laser Linen Modeled:_

Source ot Rate Coelidolnts Usad ie Code:

LINE PROFILE MODELS (*I):

Doppler Bro-deeieg:

Collisional Broadening:

Other (specify):

I I I~~~~~~~~~~

I GAS DYNAMICS|

NOZZLE GEOMETRY MODELED land type) V): None
Cylindrical, R.di.lly Flowing:

Recteglar., Linearly Flowing:

Othur:

COORDINATE SYSTEM: S

FLUID GRID DIMENSION 0V): ID: 2D: 3D:_

FLOW FIELD MODELED (V)

Laminar: Turhnbut.

BASIC MODELING APPROACH (V):

POthrseify):dMiin

Oth., (,p..ify):

THERMAL DRIVER MODELED (V):

Ar Healtr: Comhobtor:

Shock Tobh: - Resistance Heater:

F-ATOM DISSOCIATION FROM (V

F2:SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

MODELS EFFECTS ON MIXING RATE DUE TO (V):

No.]Ce Boundary Layer: , Shock Wa-ce:

Prereacti.n. (thermal blockg): ...Trh.lenc.:

Other (.peciy):_

MODELS EFFECTS ON OPTICAL MODES DUE TO (V)

Media Inden Variations :

Other (sp cify)::

a a a a a - - a a a a a a a a a a a a

i LADPL
I

I

V-R:_ 

'Y: - L



CODE NAME: I LS-1 4RGS*

CODETYPE: OptiCS

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Performs an exact rav trace analysis in order to determine the
geometric configuration of a HSURIA tyoe laser optical resonator with a ray distributing reflaxicon
beam compactor assembly. Provides geometrv data to wave optics HSURIA codes.

ASSESSMENT OF CAPABILITIES: Capable of synthesizing HSURIA resonators with: (1) parabolic-parabolict
(2) Uniform-Gaussian: (3) Uniform-Lorenzian: (4) P-P TANH redistributing reflaxicon beam compactors.
Computes OPDs introduced by the beam compactor. Determines optimum feedback mirror configuration.

ASSESSMENTOFLIMITATIONS: Restricted to HSURIA with nonpowered rear element and to reflaxicon beam
compactors.

OTHERUNIQUEFEATURES: Resonator Geometries Modeled: HSURIA, reflaxicon beam compactors.
Determines aberration due to beam compactor and transfers data to wave optics codes.

ORIGINATOR/KEY CONTACT:Name: Victor L. Gamiz Phone: t( q 1 O'3) iqD

Organization: Rocketdvne. Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California (91304)

AVAILABLE DOCUMENTATION:(T- =TheoryU - User, RP = Relevant Publication): (T) Resonator Geometry Synthesis Code Require-
ments (V. L. Gamizl; Incorporate General Resonator into Ray Trace Code (W. H. Southwell); Surface
Optimization Algorithms and Equations (W. H. Southwell); Equations for Wave Optics Code Parameters
(V. L. Gamiz)7 (U) Resonator Geometry Synthesis Code Develooment (L. R. Stidham).

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: AFWL
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176. 6600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 70K 20
Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

*LS.14 Resonator Geometry Synthesizer

l 500

1-1 --- ----



CODE NAME: I LS-14RGS

___ I I~~~~~~~~~~~~~~~~~~~~~~

BASIC TYPE (v):

Physical 0pti-s:_ Geom-tnical: /

FIELD (POLARIZATION) REPRESENTATION (I):

Scalar:. VOcton:

COORDINATE SYSTEM (Cardsian, cylindrical, eto):.

Compact Region: .9YA.nnu.ar Region: CY

TRANSVERSE GRID DIMENSIONALITY (V): SD 2

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: Meridional
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: / Strip:

Rectanguler:. Elliptical: Arbitr ray:

CONFIGURATION FLEXIBILITY (V):

Fixed. Single Resonator Gmetry:

Fiend, Multiple Resoator Geei:_ _ _____

Modular., Multiple Resonator Gctnie:_ _ _ _ _

PROPAGATION TECHNIQUE (V:: hat occl- t COMPACT ANNAUA

Fresncl integral Algofithms:

With Kemel Averaging

Gaussian Quadrature:

Fast Fourier Tanstfon (FFT):

Fast Hankel Tranform (FHTi):

Gadener'-F,.nee.EKlnchhx (GFK):

Other. incitxt' Pav trace

CONVERGENCE TECHNIQUE (I): N/A
Power Comparisinn: _ Field Compadson :

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(l):

Preny: N/A

Other:

I

RESONATOR TYPE (I): Standing Ware: N/A
Traunliog Wac (Ring): - Reverse TW:

BRANCH (V): Positi: I/ Negabtie:

OPTICAL ELEMENT MODELS INCLUDED IV):
Fl.t Mirrors: v Spherkal Mirrors:

Cylindrical Mirrors: . Teiesrpes: V
Scraper Minor:

Axirons Wauvons RVela.icuns

Arbitray:

Linear:

Panabele-aranbola:

Variable Cone Ofset:

Othe,(speify): PPTANH =

Deformable Miers:_

GAIN MODELS (/): Bare Cavity Only: N/A
Simple Satuated GSln: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV: N/A
Miner 'En: Decentrativn:

Aberrions/Thermal Dixtortions:

Rtflctivify Le-:

Output Coupler Edge: Roiled:

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (V): N/A
Medium Index Variation:

Gas Absnnption:

FAR-FIELD MODELS (V): Beam Stering R.m.v.-: N/A
Optimal Focal Searh: - Beam Quality:

Other

GAIN REGION MODELED (V): None
Compact Region: Annruta Region:

COORDINATE SYSTEM (Cartedan, rylindvaI., etc.)

Compact Region:_ Annular Regivn:

KINETICS GRID DIMENSIONALITY (V):

Compact Region: _J _ _

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A FC.?:_ Flow Diectvedo.

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED IV):

{X Y2 -Tc= YXY i | F|C|r| I |

Cold (F +H): D _

Hot (H o F2 ):. Chain IF H2 " H 0 F2 ):

Ot-e 1-1citw

ENERGY TRANSFER MODES MODELED I): Reer-enve

V-T: _-

V.R:

00:

Other:

Singd Li.n Modal M

Multiline Mode] (V'):

Aveumed Rotational Population Distdbxtion Sate IN/):

Equilibdium: _ Nonequlilibrxm'_:_

Namben fl Laser Unes Modeled:

Seuace xf Rate Cofficents Used in Code:

LINE PROFILE MODELS IV:

Doppler Broadening:

Other (speiny):.

I GAS DYNAMICS|

NOZZLE GEOMETRY MODELED lad type (V): None
Cylindrical., R.di.lly Flowing: _

Rectangulr., Linearly Flowing:

FLUID GRID DIMENSION IV) D:_ 2D: 3D:-

FLOW FIELD MODELED (V):

L minor: Turbulent: _

Other:

BASIC MODELING APPROACH (I):

Premised:_Mi.ing:

Othe, Ispecify:

Retcn.cncs fon Approach Usc d : -

THERMAL DRIVER MODELED (V):

Ar Hater: .Combustor:

Shobk Tube: _Resistanc Her_____

Other:-

F-ATOM DISSOCIATION FROM (N):

F2:-SFR:

Othe, (speify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (IV):

Nuzzle Beunday Layes:.. Sh-k Wa _ _

Premactiuns (therma1 bIockug): _ T.rxb ue ne-:

Oth., (spaify): _-

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index Vadatins':

Othbe (speiyly):

I 1~~~~~~~ I
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CODE NAME: L

CODE TYPE: Gasdvnami cs

MAr1'in x,, aP v rs1 -as flow hv trarkinn several thousand simulated

molecules. Primarily used for modeling nozzle flows with large base regions, and low pressure
._.. A h- ..- - -,. -- Ar-n -ltrsi

ASSESSMENTOFCAPABILITIES: Use of this method on a wide variety of problems has shown no sign of
instability in operation.

ASSESSMENTOFLIMITATIONS: Large array sizes for flowfield cell network and molecular information
imposes limits on size of flowfield which can be analyzed in one run. Cavity radiation inter-

action not included.

OTHERUNIQUEFEATURES: Developed cavity initial conditions for a large number of cavity injector
systems. Includes nonequilibrium chemical reactions, models shock waves, recirculating flows, and
transverse pressure gradient.

El L1.-,-r anl - W. RW shren _ 1213) 536-1624Name: ,. i -i. .. Phone: -- , -- ---
Organization: TRW DSSG

Address: RI/1038, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: IT = Theory, U - User, RP = Relevant Publication: (RP): Chemical Laser Nozzle and Cavity

Calculations by the Direct Simulation Monte Carlo Method," T. Sugimura, G. A. Bird, and H. W. Behrens,

presented at AIAA Conference on High Power Lasers, Oct. 31-Nov. 2, 1978, Cambridge, Massachusetts.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: TRW
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600

TRANSPORTABLE?: Ye°

Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. COC 7600)

Small Job: 250K 400
Typical Job: 500K 2000
Large Job: 1000K 4000

-M

PRINMPAI PIIRPOSFIq1/APPLIrATION(SI OF CODE: I-- . . . - '__ . -' - - -' ... ' - - . -

MCLANC

Approximate Number of FORTRAN Lines: 5000



CODE NAME: I MCLANC

BASIC TYPE (V): None

Physical Opics:_G.Gometric.l:_

FIELD (POLARIZATION) REPRESENTATION IN):

Scalar: - Vector:

COORDINATE SYSTEM (Cartesi.o, cylindrical. etc.):-

Compact Region: _ Annular Rcgion:_

TRANSVERSE GRID DIMENSIONALITY (I I

Cumpact Rcgin:o

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: -

MIRROR SHAPE(S) ALLOWED (V):

Rrvtangular: . ElIiptii.. IArAbitry:

CONFIGURATION FLEXIBILITY (v):

Fined, Single Re-onator Geometry:

Fixed. Multiple Resonator Gesmetwde:

Modular, Multiple RS.onatnn Geometies:_

PROPAGATION TECHNIQUE We: Ihot -ccv)i COVOACT OSOUIA

Fresnel integral Algorithms:

With Kcmel Anna-gng

Gaussian Quadratur:

Fast F.u.ier Transform (FF_):

Fast Hankel Transorm (FHT):

Gadenen.F-mnelEKirhhf (GFK)E:_

Other- (Ipaify):

CONVERGENCE TECHNIQUE I):

PFwer Compri.son: F. IdeldCompari on:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Preen:

Ohh.,

PTICS
_ _ None

RESONATOR TYPE (V): Standing Wane:

Tr.eoling Ware (Ring): - R.e-n TW:

BRANCH (V): PPsitiv-: Negative:

OPTICAL ELEMENT MODELS INCLUDED (IV):

fa Miners: Spherical Miro:

Cylindrical Miner: .Telescopa:

Scraper Miner:

AviW.ns ....

Arbitrary:

Linear:

P..b.l. P..b.o1:

Variabl Cone Offs':

Other (speciy):

Deformabie Miner:

Spatial Files: Gratings:

Other Elements:

GAIN MODELS Ii): Bar Cvity Only:

Simple Seturatd GBle: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Miner nhS: . D.everaioen:

Aberral.ns/Th.ea Disortines:

Arbitray:

Seietd d(speoy):

Refoielity Less:

Outpue Coxplen Edges: Rolled:

Senated: _ Other:

LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium Ieden Vadabtin:

Other,

FAR-FIELD MODELS (I): Beam Stewing Remnall:

Optimal FoI Seanh: - Bea Qualiy'

Other

I � U

GAIN REGION MODELED (V): None
Compact Region: . Annua RBginn:

COORDINATE SYSTEM (Cadesian. vylindrir. l, ec.)

Compact Region: _ A.nula RBgion:

KINETICS GRID DIMENSIONALITY (I):

Compact Rcgio: 1 1

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A-e?: - Floe Diretionn?

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):

X | Y2 =YX | Y F I Cl I Br || 

Cold (F rH2): D

Hot (H v F2):. Chain (F + H2 & H 0 F2 ):

Other (speify):

ENERGY TRANSFER MODES MODELED (V): Refr-neo

VT': I
V-B:

Single Li.n Model /):

Mehiline Model. (\/:

Avsxmed Rotational Population Ditibution Stlt. (At/)

Equilibnium: _ Nxneqxilibrium:

Nxmber of Laser Li.n Modelld:

Seer-o 01 Rate Coefficients Uscd in Cede:_

LINE PROFILE MODELS IV:

Doppler Brodening:

Cuillaienal Brodening:_

Othe, (spchfy):

| GAS DYNAMICS]

NOZZLE GEOMETRY MODELED (lnd type) (N/y
Cylindfiral. Radially Floning: VI

Berrangulir,. L -xx ;_Fo i ng: 5

Cartesian
FLUID GRID DIMENSION (i SD: 2D: I 3D:-

FLOW FIELD MODELED IV):

Laminar ....... Tebaixnt:

Other: Noncontinuum; direct simul.
BASIC MODELING APPROACH (VI):

P..mi.d:_Mixing: K

Oth.,nlpcify)'KinPtiC theory, which does
the mixing on the molecular scale.

Retfenecs IonAppoachUsed: Molecular Gas Dyn

G. A. Bird, Oxford, 1976.

THERMAL DRIVER MODELED (IV):

Arc Heater: ..Combusrn. -

Shork Tube:...Resistanve Heater:________

F-ATOM DISSOCIATION FROM IV):
FOt h SF :

Othh. (.p-cify:-

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Y5

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (IN):

, Nozz Beundary Lyes: / Shork Waves: V

Ptrea-ions (Ithermal blobkage.):_TuTbuIe:n-

Othe(speiny): Base region recirculation.

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index Vrdtions': v

Other (spety):_

I I I

m m m - m - m m - m m m m m m m m m
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CODE NAME: I

CODETYPE: Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Predict power and Power spectral distribution of CW chemical
lasers. Also see AFOPTMNORO.

ASSESSMENTOFCAPABILITIES: Can predict power and power spectral distribution on 2-1 band for CW
chemical lasers, typical case takes 100-200 seconds on Cyber 175. Contains Fabry-Perot resonator.
With the rotational nonequilibrium kinetics, code will predict which lines lase.

ASSESSMENT OF LIMITATIONS: Need to include rotational noneguilibrium on 1+0 band.

OTHERUNIQUEFEATURES: The following quantities are input as polynomials: T(x), P(x), U(x), Ii(X)
(flow rate remaining in primary), fb (x) (flow rate remaining in secondary), primary nozzle 'F atom
boundary layer profile, and Le/Lg(xl (thickness of mixed flow). Coefficients of the polynomials
are obtained by fits to these profiles (profiles come from BLAZE II, LAMP, etc.)

ORIGINATOR/KEY CONTACT:
Name: L. H. Sentman Phone: (217) 333-1834

Organization: Aeronautical and Astronautical Engineering Dept., University of Illinois
Address: Urbana, Illinois 61801

AVAILABLEDOCUMENTATION:(T=Theory U-User, RP = RelevantPublication): (T) An Efficient Rotational Nonequilibrium
Model of CW Chemical Lasers" L. H. Sentean and W. Brandkamp, AAE TR 79-5. UILU Eng 79-0505
(July 1979) (U) "Users Guide for Programs MNORO and AFOPTMNORO," L. H. Sentman, AAE TR 79-7, UILU
Fnn 79-0507 (October 1979)

STATUS:

Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: AFOSR

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cvber 175

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Trime (Sec. CDC 7600)

Small Job:

Typical Job: All jobs same size 50-100 sec
Large Job:

Approximate Number of FORTRAN Lines:

MNORO



CODE NAME: I MNORO

BASIC TYPE oVi:

Physical 0ptics:- ..Gometicai: 1/

FIELD (POLARIZATION) REPRESENTATION (V):

Scaiar:. Vector:

COORDINATE SYSTEM ICadesian, cylindrcal. etri:.

Compact Vegion: - Annulr Rcgion:_

TRANSVERSE GRID DIMENSIONALITY V): ID 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED IV):

Rectangular: Ellipticat: - Arbitrary:

CONFIGURATION FLEXIBILITY (v):

Fixed. Single Resonator Geometry:

Fieed. Multipi Resonator Geomotrles.:_

Modular., Multiple Resonator G :_________

PROPAGATION TECHNIQUE Wo::thaipl: COMPACT eNOOCO

Fr-soel Integral Algorithms:

With KEmel ueraging_

Gausian Quadrature:

Fst Fourier Transom (FT):

Fast Hanhel Tranform (FHT):

Gerdenar'FnmeniEKirrhhoff (GFK):

Other specily):

CONVERGENCE TECHNIQUE IV):
Power Comprison:_ Field Comparisn:

ACCELERATION ALGORITHMS USED?:

Tcchnique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(IV):

I

RESONATOR TYPE IV): Stnding Wane:

Traveling Wa- (Ring): - Reverse TW:

BRANCH(I): Position:_Nngativ-:

OPTICAL ELEMENT MODELS INCLUDED IV):

Fiat Minror: - Spherica Mirrors:

Cylindrical Miner: Y..iecxpex:

ScraperMines:

Aic.ons

Arbitrary:

Linar:

Parbola.-Parbola:

Variable Cone Offst:

Other- (specif:

Deformable M irros:

GAIN MODELS (V): Ban Colty Only:

Simpl Saturd Gain: Dt-iied Gain:

BARE CAVITY FIELD MODIFIER MODELS i):

Mih-r TOtt: .D.ecantrtioe:

Aberations/Thermal Ditdortin.s:

Re-ectihlty Less:

Output Coupler Edges: Roiled:-

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (v):

Medium eden Vadati.n:

Gas Abeorption:

Other:

FAR-FIELD MODELS (NV: Beam Stewdng Ramnyal :

Optimal Focal Search: -.em Qualiy-

I I

GAIN REGION MODELED (V):

Compact Region: L.Annu.ar. Region:.

COORDINATE SYSTEM (Catnian. vylindilnal., tc.)

Compact Region: Ca__ Annular Region:

KINETICS GRID DIMENSIONALITY IV):

Compact Regian:

Aende.r Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Aloee Optic A.us?:.._ fm O tiroti .

PULSED: CW: V KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (ii:

{ X : Y2 = YrX *Y F Cl Or

Hot IH = X __ i_ i

HtH F2:VChain IF oH12 & H F2 ):

I Other (speiy):

ENERGY TRANSFER MODES MODELED (VI: Reterenve

VY-: VI 
V-B: V

Otbh-rMultiquantum V-T, F-atom wall
Single Lin Model V: recombi nation.

Mehiline Model. (V):

Avsxmed Rotat..al Population Distibution Sttl e :

Equilibriu.m:_Nonequilihbdim: VI
Preicts which

Number-elLaser UneMod.eld: jlne, lase.

Senc 01 aRte Coeniolents Used In Code: Cohen s HF/ DF

rate package. Hinchen's rotational

LINE PROFILE MODELS i,):

CWlisix.al Bid.exixg:_

I GAS DYNAMICS1

NOZZLE GEOMETRY MODELED (and type) (I):

Cylindrical, Radially Flowing:_ _

rartpeian
FLUID GRID DIMENSION (V): ID: 2D: 3D:.

FLOW FIELD MODELED (V):

Laminar: Tunbuient...:-...

BASIC MODELING APPROACH IV):

Pr-arivd: Hieing:

Refernc.es Ion Appoach Used: 

THERMAL DRIVER MODELED (V):

Ar Heater Combustnn:

Shock Tube: Rsistance Heatr-:

F-ATOM DISSOCIATION FROM (IV):

F2 -SF,:

Other (spPaifyl:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO IV):

Nozze B en.day Lay.n.:-Shock Wars:

Preroactiens . thenmal bockage.):_ Turbuinsc:

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index VPdurit:

I I = ___
-Relaxation data, Polanyi's pumping distribution.

- m - m - m -m m - m m -
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CODE NAME: EAS

CODE TYPE: Optics

. _ _ ____ one_;.., t'n -- A Dnni VnotiCN . - I - ls4-~ - inri4-'v iv

coefficients for general optical element
motions in six degrees of freedom; used in conjunction with NASTRAN to predict beam jitter through
an integrated optics/structures approach.

ASSESSMENTOFCAPABILITIES: Can handle all elements of IPAGOS. but also includes an unstable resonator
modeling capability.

ASSESSMENTOFLIMITATIONS: Meant to be used to generate multipoint constraint (MPC) cards for
NASTRAN; output format is rough and difficult for novice to interpret.

OTHERUNIQUEFEATURES: Resonator Geometries Modeled: Unstable, Linear. with up to 4 folding flats.

ORIGINATOR/KEY CONTACT:

Name: 0. Mansell/C. Barnard Phone: (505) 848-5000
Organization: The BDM Corporation

Address: 1801 Randolph Road. S.E.. Albuguergue. New Mexico 87106
AVAILABLE DOCUMENTATION: T- Theoary Uf User.,"RP R ReleanCt Publication): (T) 'Final Task Report for Sensitivity
Analyses of th Al pia ri, BMTC7-9-R; (U) MPCPAGOS Users Manual," BOM/TAC-78-727-TR.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: AFWL/LRO. BRM

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other-Codes Required (name, purpose): NASTRAN uses MCPAGOS output

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 120K 1 sec
Large Job:

Approximate Number of FORTRAN Lines:
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CODE NAME: I MPCPAGOS

BASIC TYPE (V):

Physical 0pti-:...Geometicai: .

FIELD (POLARIZATION) REPRESENTATION IVi:
Sc.l.,:. V Vector:

COORDINATE SYSTEM (Catesian, cyliindcal. etc.):,

Compact Region: A Annular Rcgion: /

TRANSVERSE GRID DIMENSIONALITY IV) ID 2D

Compact Region:

Annular eRgion:

FIELD SYMMETRY RESTRICTIONS?: No

MIRROR SHAPE(S) ALLOWED IV):
Squa..: V Cirlolar: V Stip: V
Re.taegur:. V Elliptical: ./.Avbhlra:

CONFIGURATION FLEXIBILITY (V):

Filsd, Single ResunatuI Grmetry: ( ranch

Fised, Multiple Re.onatur Gmtries:___

Module,. MuttIpl Rcrooxton G cn ms_ ___

PROPAGATION TECHNIQUE (V.,i o.

Fresnel Integral Algodthtm:

With Kernel Averging

Gaussian Quadrture:

Fast Fourir Tandfom IFF^):

Fas Hankel Tansform (FHT):

Gardener F-eni.Kinrhhrtf (GFK):

Other (,p ify):

CONVERGENCE TECHNIQUE IV):
Power- CompPsn:...Id Compari sn:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(IV):

Prony:

Oth-,

RESONATORTYPE(IV): StandingWax.: ,!

Traveling Wave (Rimg): - Revere TW:

BRANCH IV): Pavtio: V Negatie: V
OPTICAL ELEMENT MODELS INCLUDED IV):

n Mirort : l ..i . Spherical Minrors:

Cyllnndo-l Minors: V VI
ScraperMiro: V
Acloo- Wulvos. | Rel.lolons|

Arbitrary:

Linear 

Parbola-Pnrabobl:

Variable Con OffEt:

Oth.,r Ipeifyc )Noneverti ng

Defo-mabi M ine: _ _

Spatial filte.: Graling.:

GAIN MODELS IV): Bam CavfY Only:

Simple S ..tnGain: __ __ ail Gain:

BARE CAVITY FIELD MODIFIER MODELS i:
MinerTin: V Dr...ettirn: v

Abtsmarises/Th.mlt Disostios:

Arberary:

Selectd INpecfy):

Rcedeietity Les:

Output Coupler Edges: Relied:

Serted: Other:

LOADED CAVITY FIELD MODIFIER MODELS (VI:

Medism Indes Variati-n:

Gas Abtorpticn:

Oe-Iapped Beams:

FAR-FIELD MODELS I): Beam Stewng Rlmnnal

Optiml Focal Sarh: - Beam Quedy'

Othe, 2-dimensional Fourier transform

I I

GAIN REGION MODELED (V): None

Compact Region: Annular Region:

COORDINATE SYSTEM yCadeelan. cylindnca., tc.)

Compact Rcgion:_ Annular Rtgin:.._

KINETICS GRID DIMENSIONALITY IV):

Compact Region:

Annelan R-Igkn:

GAIN REGION SYMMETRY RESTRICTIONS:

Gabn Vary Along Optic Av.. ?_ floe Diretixnti

PULSED: _ CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):

t Y | Xz = YXF*IX H I il , I I 

Cold (F *H2:_ 1

Hot (H F2):- Chain IF OH2 & H F2)':

Other (IspIey):

ENERGY TRANSFER MODES MODELED (V): Retenen..

VT: IYBR:

V-Y:

Other

Single cLin ModaMl

Muitiline Model iV
1

:

A, sumd Roalonal . PplagOn Dit ribution Stale (V):

Etquitibrinm:_Nn.equilibrum: 

Nember of Laser Line. Modeld:

Seerco at RB.e Coeftcient Used in Cde:

LINE PROFILE MODELS IV:

Doppler Broadening:

I I~ ~~~~ 

I

I GAS DYNAMICS i

NOZZLE GEOMETRY MODELED (and type IV) None
Cyolndricol.Ba ll dlowing: 

FLUID GRID DIMENSION (V:) ID: 2D: 3D:-

FLOW FIELD MODELED (V):

i dmin sr.....Turboix nl:... -.

BASIC MODELING APPROACH (V%

Pr-mioed:.....Mideng:.....

THERMAL DRIVER MODELED (6

Are Heatr: Cod.... tor: _

Shock Tube: _R.sitane Heater:

F-ATOM DISSOCIATION FROM (V):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):

NozzA Beundary Lay..:_Shock Waves: 

Prcreati.on. (thermal bivgx): Turbu-nce:

MODELS EFFECTS ON OPTICAL MODES DUE TO IV):
Media Index Varitlions:

Othb( Isneob):-
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CODE NAME: |_MRO |

CODETYPE: Optics. Kinetics, and Gasdvnamics.

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models the optical performance of linear bank CW HF and DF
chemical lasers. MRO is 2D model; BLAZER is 3D model. Used as design tools for BDL, NACL, MIRACL.

ASSESSMENTOFCAPABILTIEs: Resonator: Positive or negative branch confocal unstable; arbitrary optical axis
position; cylindrical, toric, or spherical mirrors. Gain medium: CW flowing HF* or DF*, strut wake,
mirror aberration, thermal distortion, and nonresonant index OPD's

MRO does stable Fabry Perot with geometrical optics.
ASSESSMENT OF LIMITATIONS: Lacks transverse pressure gradient modeling capability, lacks FFT propagation
algorithm, uses only single gain sheet, uses only rotational equilibrium description.

OTHER UNIQUE FEATURES: Confocal unstable resonator modeled.

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-3484
Organization: TRW DSSG

Address: RI/1162, One Space Park, Redondo Beach, California 90278
AVAILABLEDOCUMENTATION:IT=TheoryU = User- RP= RelevantPublication): (T1 The BLAZER and MRO Codes. June 1978;

(IJ): BLAZER User Manual. November 1978 (includes MRO); Listings available.

STATUS:

Operational Currently?: YPC

Under Modification?: Planned
Purpose(s): Rotational nonequilibrium, FFT propagation algorithm, multiple gain skins,

transverse pressure gradient description.

Ownership?: Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cvber 1 74-TRW/TSS

TRANSPORTABLE?: Needs mods for export
Machine Dependent Restrictions: CDC

SELF-CONTAINED?:

Other Codes Required (name, purpose): VIINT. KBLIMP. ALFA for nozzle exit condition.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

SmallJob: MRO: ---- BLAZER: - _--- 
Typical Job: 151K 165K 400 6500
Large Job: --- 245K --- 15000

ApproximateNumberofFORTRANLines: MRO: 4500 BLAZER: 6000

I



CODE NAME: MRO

______ I a

BASIC TYPE (v):

Physical Oplics: L Gec.mtrical:,

FIELD (POLARIZATION) REPRESENTATION (V):

Scalar: / Vector:

COORDINATE SYSTEM (Cantesian, cylindrical etc.):

Compact Region: Ca Annular Region:_

TRANSVERSE GRID DIMENSIONALITY (1): lO 2D

Compact Region:

A.n.lar Region:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (V):

Square: Cirular: Strip: /

Rctaegular: _ Elliptical: Arbitrary:

CONFIGURATION FLEXIBILITY (V):

Fined, Single R.s.nalor Geometry:

Fiend. Multiple Resonator Grometries: /

Modular, Maltiplo Resonator Gesmetris:-

PROPAGATION TECHNIQUE -a1: ho: ycn); COMPACT ANNUAF

Fresnel Integra Algorithms:

With KRrnee Aneragieg

Gaussian Qadrtur: ( Mod i f i ed

Fast Fourir Transform (FFT):

Fast Hanek Transform (FHT):=

Gadnre.-F..sne'.Klrchhff (GFK):

Other (spcify):

CONVERGENCE TECHNIQUE (VI):

Power Compaison: FieId Comparison.:

Other:

ACCELERATION ALGORITHMS USED?: No
Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

IP C

RESONATORTYPE(VI): StandingWane: /

Tra-eling Wane (Ring): / Reverse TW:

BRANCH (I): Positie: Negation: V

OPTICAL ELEMENT MODELS INCLUDED (VI):

flat Mirors: Sphedcal Mirror:

Cylindical Mirors: -/ Telscopes:

ScraperMirros.: /

A.lco.s

Arbitrary:

Linear:

Paraeba-.Paraboba:

Vadable Cone Offt:

Other (spcify):

Daormahbe M imrs:_

Spatia Filter: Gratings:

Other Elements:

GAIN MODELS (V): Brc Coity Only:

Simple Saturted GaIe: Detaild Gain: /

BARE CAVITY FIELD MODIFIER MODELS (VI):

Mirme nt: Z Docentration:

Ab-rations/Thermal Distoions:

v

Relctinity Loss: /

Output Coupler Edge: Rolld:

Semated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (VI):

Medium (edna Variation: /

G.. Abhorption:

FAR-FIELD MODELS (V): Beam Steering Remoat:-

Optima Foc-l Sarch: _ Bam Quaity: I/

Other EMBLAZON

GAIN REGION MODELED (V):

Compact Region: A..nular Region:

COORDINATE SYSTEM (Carteian, cylindrical etc.)

Compact Rgion: Ca Annular Region:-

KINETICS GRID DIMENSIONALITY (VI):

Compad Regdon: / 1 _

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary SAong Optic Aoes?: f/low Directiylj 

PULSED:_ CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):

{ : ::; } = YX: 1 Y l HrFIBr

Cold (F Ha : 

Hot (H c F2): Chain (F c H2 & H o F2 ):

Other (spcify):

ENERGY TRANSFER MODES MODELED (vI): Reference

VT: / IThe BLAZER and MRO Codes
V-B:

v-v: / The BLAZER and MRO Codes

Other RR with rot.nonequil.

Single Un Model :

Multiine Model (V): /

Assumed Rotational Population Diibhtion State (VI):

EquIIIbrlu.:-.- ... Nquilibnu-

uebher of bee.r ULns Modeled: 24
Seurce of Rate Cefficients USod in Cod: N. Cohen

LINE PROFILE MODELS (VI):

Dopplyr Brodening: /

Co.llsional Bradening: /

Operation at line center.

GAS DYNAMIS

NOZZLE GEOMETRY MODELED (and type) (-V):

Cylndrical. Radial fowing' :

Rectangelar Linearly Flowing: /

Other:

COORDINATESYSTEM: Cartesian
FLUID GRID DIMENSION (V|OD: / 2D:_3D:_

FLOW FIELD MODELED (VI):

Laminar. Turbulant:-

Other: Scheduled mixing.
BASIC MODELING APPROACH (I):

POreifd: SMieImg:

Oth.r (p.peIf): Schedul ed mi xing .

Referenscsfor Approach seThe BLAZER and
MRO Codes (TRW).

THERMAL DRIVER MODELED (V):

Arc Hater: Combdtor': /

Shock Tobc: R..sistane Heater:

F-ATOM DISSOCIATION FROM (I):

F2: V SF,-NF

Other (specify): 3

F-ATOM CONCENTRATION DETERMINED FROM MODEL?.YeG

DILUENTS MODELED: He, N,, CF1
MODELS EFFECTS ON MIXING RATE DUE TO (V):

Noal B.oundary Layer:-Shock Wa.-s:

Premedons (thermal bhockagn):_Tursblen.c:

Other(specily):Scheduled three stream:
fuel, oxidant, mixed.

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI):

Media Ilden Variation': /

W.er (speciryl:

M m ----- - a a - a a a a a - -M- -
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CODE NAME: E NrFTnpwr*

CODE TYPE: OptiCs

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Study of wavefront distortions during pronagation through
amplifying self-focusing media.

ASSESSMENTOFCAPABILITIES: This code propagates a two (transverse) dimensional wavefront through
a medium with constant small signal gain and with a nonlinear index of refraction which induces
self-focusing. The code was written by F.D. Taooert. now at the University of Miami in Miami.
Flnrida. A descriotio n is in Los Alamos repnort IA-68133-MS by John C. Goldstein,

ASSESSMENTOFLIMITATIONS: Although this code could be extended to be used in resonator calculations,
it currently does not have any optical elements or saturable gain models included. Therefore,
other than noting that the fast Fourier transform is the basic numerical method employed and that
other details can be found in the report cited, no other data for this code will be given.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: F.D. Tappert/John C. Goldstein Phone: (505) 667-7281
Organization: Los Alamos Scientific Laboratory, Group X-1, MS-531
Address: Los Alamos, New Mexico 87545

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (T) A Numerical Code for the Three Dimensional
Parabolic Wave Equation, John C. Goldstein. Los Alamos report number LA-6833-MS.

STATUS:

Operational Currently?:

Under Modification?:

Purpose(s):

Ownership?:

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?:

Machine Dependent Restrictions:

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

*Numerical Code for the Three Dimensional Parabolic Wave Equation

a:_
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CODE NAME: I NCFTDPWE

BASIC TYPE IV): None
Physical Sptics:_GnomtIaI:_

FIELD (POLARIZATION) REPRESENTATION (I):
Sca~lr: - Vector:

COORDINATE SYSTEM (Cartesian, cypindncal. etc.):,

Compact Rogien: _ Annular Rngion:_

TRANSVERSE GRID DIMENSIONALITY Mi): 10 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (V):

Squar: ... Circur: _ S ______

CONFIGURATION FLEXIBILITY IV):
Fined, Single Resonator GOmetry:__

Fined, Mutiple Resonator G mom :______

Mdular., Multipi Resonator G-m es _ __ ___

PROPAGATION TECHNIQUE (Va:: Ohxi acd): COoACT ANNU-n

Frsn integral Algorithm,:

With Kennel A-craging

Gaussian Quadrture:

Feet Fo..ie. Transtone (FFT):

Fast Hankhe Tandform (FHT):

Gad.ene'Fmsne.EKichhoH (GFK):

Other Ipeify):

CONVERGENCE TECHNIQUE (I):

P.e- Comprison: F..Ild Comparison:

Ohher:

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

P Cs None

RESONATOR TYPE (i): Standing Waco:

Trae.ling Wavc (Ring): - Rcrrse TW:

BRANCH (I): Position: Negati:

OPTICAL ELEMENT MODELS INCLUDED IV):
Fal Miners: Spheical Mirrors:

Cylindica Miners: - T..T .scopes:

Scraper Minrso:

Avicn, Waxicxos BRtiaslcons

Arbitrary:

LinearI

Parabol. Parabola:

Variabe Cone Offset:

Other (speify):

D eften abie Minrs- :

Spatia Fiters: Grtings:

Other Elements:

GAIN MODELS (V): Bra Canify Only:

Si-pie Saturated Gain: _ Detiid Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Abt..alions/Theneal Didotions:

Arbitr ry:

Selected (speoyl):

Renotbinity Less:

Output Cowplen Edges: Rolled:

Seated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (i):

Medibm [nnde Variation:

Other:

FAR-FIELO MODELS (Vi): BRam Steering Removal-:

Optima Foca Search: - Bb..m Quaiy'

I � I

GAIN REGION MODELED (V): None
Compact Regin: Annular Region:

COORDINATE SYSTEM (Cartesian. cylindIcal, etc.)

Compact RBginn: _ Annolan Region:

KINETICS GRID DIMENSIONALITY (VI):

Compact Region: W I]
Annelan Regiun:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic AYCs?:_ Floe Dinection?. .

PULSED: CW: - KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I)
{ X 0 Y2 = YX n Y yt | F I Cl I B |

Cold (Fx H2): D

Hot (HI F
2):_Chain (F . H2 & H - F 2 ) :

ENERGY TRANSFER MODES MODELED IV): Rlerenfc

ViT: I

V.V: I
Other:

Single Line Model iA/):

Muhiline Mod.[ (\l):

Assumed Rotationa Poplation DOitibstinn State M :

Eqoilibnium: Nxnx quilibr um':_

Numbon of Laser Lin.s Modeled:

Soue ce of Rate Coefficients Used in Code:_

LINE PROFILE MODELS IV:

Doppler BRa-dening:

Colisional .maIBdning:

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) (V): None
Cylindrica. Radially Flwing:

Rcrtangul,. Uneady Flowing:_

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (V): ID: 2D: 3D:-

FLOW FIELD MODELED 
1
Vi:

Laminar: .Tubui.nt:

Nhher:

BASIC MODELING APPROACH (V):

P-eI..d:_Miing:-

Rle.nenc.s for App-lach USain:

THERMAL DRIVER MODELED (A/y

Arc Heater:_ Combuton:

Shock Teb.:_Rc istanmc Heater:

Oth-e

F-ATOM DISSOCIATION FROM (I):

F2:SF,:

Other (spCify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_.

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Noaie. Boundary Lay-rs:. Shork Wanes:

Precactions (thenmal bIocbkg.):_Tunb.in-e:

Other (ispffi):

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index Varitions'

Other (spcify):

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~I

U
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CODE NAME: I NORO-I

CODE TYPE: Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Models rotational nonequilibrium effects in CW chemical lasers.
(Combined with other optics models. e.g., see ROPTICS).

ASSESSMENTOFCAPABILITIES: Predicts power spectral distribution, effect of rotational nonequilibrium
on laser performance.

ASSESSMENTOF LIMITATIONS: Oualitative model. 2 vibrational levels, 21 P-branch and 21 R-branch
lines. Fabry-Perot cavity, fluid dynamic variables p, p. T. u input as constants, premixed.

OTHERUNIQUEFEATURES: This model was used to demonstrate the importance of rotational nonequilibrium
effects in CW chemical lasers. To ascertain the role of the resonator, it was coupled to the
Bell Aerospace strip resonator code and run with a confocal unstable resonator. In this form
the code is known as ROPTICS.

ORIGINATOR/KEY CONTACT:
Name: L. H. Sentman Phone: (217) 333-1834
Organization: Aeronautical and Astronautical Engineering Dept., University of Illinois
Address: Urbana. Illinois 61801

AVAILABLEDOCUMENTATION:(T TheoryU =UserRP =RelevantPublication): (T) J. Chemical Physics 62, 3523 (1975); (RP)
Applied Optics 15, 744 (1976); (RP) J. Chemical Physics 67, 966 (1977); (RP) Applied Optics 17,
2244 (1978).

STATUS:

Operational Currently?: Yes

Under Modification?:

Purpose(s):

Ownership?: Bell Aerospace TEXTRON
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): IBM. CDC

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

TypicalJob: All jobs same size 15 sec
Large Job:

Approximate Number of FORTRAN Lines:



CODE NAME: |_NORO-I_ _

[ 3
BASIC TYPE (V): None

Ph ysm iO aDpt i- -s _G- efri c l : I/

FIELD (POLARIZATION) REPRESENTATION (I):
Scular: Vtcor:

COORDINATE SYSTEM (Caetsian. cylindrical. tc.):.

Compact Rgion: _ Annular Rogion:

TRANSVERSE GRID DIMENSIONALITY (N): ID 21)

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (V):

Rctangular:. Elliptical: Arbitrary:

CONFIGURATION FLEXIBILITY (t):

Modular., Multiptl Resonator Gamns_ ______

PROPAGATION TECHNIQUE (Va-: thu xcrhT COOFOCh OSSU A

F.soelI ntegral Algorithms:

With Kernel Axenaging

Gaussian Quadratur:

Fst Fourier Transtorm (FFT):

Fat Hanek Trandomm (FHY):

Gxrdenen.Fnasonc.Eirchhoft (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (iv):

Power Compari.o.: _ Field Cnm ptparlsx

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORMTHM:AV):

I

RESONATOR TYPE (IV): Standing Wane:

T-arling Wavc (Ring): _ R ..Rcvcr TW:

BRANCH (I): Positn: Negation:

OPTICAL ELEMENT MODELS INCLUDED IV):

FVat Miror: SphefiaI Miro:

Cylinddcal Mirors: ..T.scopes:

Scraper Miners:

AM.icons W.icon I Rcfl.aIcons

Arbitry:

UncIr:

Parabola-Paabola:

Varable Cone Ofl,,,

Other (IpCify):

Delunabl Mins- _ _

GAIN MODELS (v): BRoe Cttity Only:

Simpis Sturated Gai.n: Dttntacid Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):

Minr TIlt: - Decentrutin:

Ab.nhoetu/ThtxnMnnt Disdtio-ons:

Arbitray:

Seleted (specify:

Rcefoify Lats:

Output Coupler Edges: Rolled:

Seated: Other:

LOADED CAVITY FIELD MODIFIER MODELS Iv):

Medium Inde Vaation:

Other

FAR-FIELD MODELS (V): BRam Steering Removal:_

Optima Foca Seanch: B.. Rm Qualfy:

Other:

I I

I

GAIN REGION MODELED (V):

Compact Rcgion: / Annuan Regon:

COORDINATE SYSTEM (Cest.Ian., oyildrictL etc.)

Comp.d Region: Ca Anowlan ion:_

KINETICS GRID DIMENSIONALITY I):

Comyct Resgno

Anear RBgn ox

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Aloe Optic Re?'. _ Flow Diradlnt- .

PULSED: CW: T KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (i):

Xe Y2- VXO Y H I I CI I B. |

Cold (F H2):

Hot (H 0 F2 ): Chbin (F r H2 & H | F2):

Other (.psseify _

ENERGY TRANSFER MODES MODELED (V): Refernc-e

V-T: V

V-B: VIVYR:

Other:

Singe Li.n ModelA/):

Multiline Mode] .\i: TL

Avsumed Rotationa Popultion Ditribution Stte iV
1

:

Equilibrium: Non.quilibriew vI
Predi-$which

Numborot Laser ULnes Mod.id: I ls I ase.

Seuce of Rat Coefficints Used in Cadi: Cohen s HF
rate package, Hinchen's rotational*

LINE PROFILE MODELS I):

nODPCn B n denainee Tv

Othenspedyl: Voight profile.

*relaxation data, Polanyi's pumping
distribution.

I

IGAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (V):

LyHieocal, ROadlipY Flowing:

carlocian
COK .-TSSE .t. r C t Itll

FLUID GRID DIMENSION (I): SD: / 2D: _ 3D:_

FLOW FIELD MODELED I):

Laminar: Tunbulent: -

Other:

BASIC MODELING APPROACH (I):

P-Nmld: t/ Mi.Ing:_

Other (s.aulfy):

Refernces fx., Appesach Used:_

THERMAL DRIVER MODELED (V):

Shock Tubc:-R.,Risutn.e Hute-:_

F-ATOM DISSOCIATION FROM (Iv):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (I):

Noode Rtounday Layers:_ Shock Waes'_:

Premartlons (thermaI bhIcag..):-Txbunc.:

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):

Media Index Vadations:

Other (s.p-iy):_

I I U

- - - - - - - - -=- - - - - - - - -

I

I

I I

mm-



CODE NAME: I OCELOT

CODE TYPE: Opti CS

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Tool to assist with resonator design and mode control.

ASSESSMENTOFCAPABILITIES: Very flexible code that can model almost any resonator we have been
interested in - annular or compact. Both Cartesian and cylindrical coordinate systems are used,
but there are more elements available in Cartesian coordinates at present. Simultaneous multiple
spectral lines with coupled transitions used in simple gain model.

ASSESSMENT OF LIMITATIONS: Li mi ted al mos
have not had time to write models for.

t excltisivelv hv lack nf mrodels fnr throse elomonts wo

OTHER UNIQUE FEATURES: Modeled HSURIA. unstable P-P axicon negative branch ring: many compact. folded
resonator/amplifiers, both confocal and nonconfocal. Allows amplifier beams to overlap resonator
medium. User can specify any number of field stations located wherever desired. Utilizes both
Cartesian and cylindrical coordinate systems.
ORIGINATOR/KEY CONTACT:

Name: David Fink 6/C 129 Phone: (213) 391-0711, Ext. 6925
Organization: Hughes Aircraft Company
Address: Culver City, California 90230

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): Not avai I ahl P.

STATUS:

Operational Currently?: Yes

Under Modification?: Yes
Purpose(s): Increase number of models in cylindrical coordinates.

Ownership?: Hughes Aircraft Company
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600 CDC 176

TRANSPORTABLE?: Almost, previous versions have been converted to IBM.
MachineDependentRestrictions: Control Data large core and external file usage.

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 1OOK | 50
Typical Job: 140K 500
Large Job: 200K 5,000

Approximate Number xl FORTRAN Lines:

-n
:I-
vt)

M:



CODE NAME: I nrOr OT

BASIC TYPE IV):
Physical Optic-:_G.ometricai:.

FIELD (POLARIZATION) REPRESENTATION IV):
Scatar:_. V..cton: t/_with multiple spectral

1 i nes.
COORDINATE SYSTEM (Caesian., cylindrical, etc.):.

Compact Region: 1/ Annular Region: CY

TRANSVERSE GRID DIMENSIONALITY IV): ID 2D

Compact Region: Ca, cy

Annuar Region: cy

FIELD SYMMETRY RESTRICTIONS?: eftri aht*

MIRRORSHAPE(S)ALLOWED(V):for Cartesian:
Square: v Circular : Strip'

Rectanguiar: v Elliptical: ' Anbit-ry:

CONFIGURATION FLEXIBILITY IV):

Fixed, Multiple Resonator Gemete:_ _ _ _

Moduar., Multiple Resonator meoctries: v

PROPAGATION TECHNIQUE iVa:: Oar pplxr COMPACT sNNUIAL

Freseel Integral Algorithms:

With Kcrncl Aneriging

Gaussian Quadrature:

Fat Fourier Trandom (FFY):

Fast Hanekl Trandone (FH):

Gardnaner'Frso-e Kirchhon (GIFK):

Othe, (specify):

CONVERGENCE TECHNIQUE (VI

Poaea Compadrisn: v fieldCompadrson: V (visual)

ACCELERATION ALGORITHMS USED?: No

Tcchniquc:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

I

RESONATOR TYPE (V): Standing wane: I/

Trareling WAeo (Ring): L R....rs TW: T

BRANCH (V): P.xitina: V Nc... ga : v

OPTICAL ELEMENT MODELS INCLUDED IV):

FMiners: t/ Spher'iai Miror: v

Cylindricl Miter: vI ___________

Scraper Mlnrs:

Avicons

Arbitrary:

U.near

Paabola.-Parabola:

Vardable Cam OtltE

Other (specfy):

Datonmabl MI-xr:

Spata fller: Gratings:

GAIN MODELS IV): BRre Cavlty Only: I/

Simple StDttd G.I.:t Dailed Gain:

BARE CAVITY FIELD MODIFIER MODELS IV):Cartesi and

MInt: t/ Decentrtion:

Abotari.s./Thenal Ditotl..ns:

Huqhes mirror model

ReRIcloity Les:/

Oxtpet Coxpler Edges: Roie:

Sented: Other:

LOADED CAVITY FIELD MODIFIER MODELS V):

Medium Inidn Vriaton: /v

OtbeAny number & loca. of qain

FAR-FIELD MODELS IV): Ram SSc. dg Remoxal: v..

Optimal Foca Starrh: V* BRam Qealy: V*

Othec

I~~~~~~~~~~~~~~~~~~~~~~~~~
+also for cylindrical coordinates. *cylindrical in progress.
*(restriction will be.removed.)

I I

GAIN REGION MODELED (0/: None
Compact Region: ...AnnuIr Ragian:

COORDINATE SYSTEM (Crtsie., cyplieddoal. etc.)

Compact Regie:. Annular Region:

KINETICS GRID DIMENSIONALITY IV):

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Afong Optic Asc..?: .Flo Diecion?..

PULSED: CW:- KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V)

XyX Y2 : = ~ VXY F CI 61, I { X YX:Y | Br I 

Cold (F H2): D

Hot (HI F2):_ Chin (F c H2 & H r F2)

Other (specify):

ENERGY TRANSFER MODES MODELED (v): Rlenenc

VV: _ I

Single Line ModelMV

Muitiline Meda l. :

Avsomed Rotai onl Population Disribution State (NV:

Nuwbor of Laser Li.ne Modeled:.

Seneca of Rate Coefficents Used In Coan:_

LINE PROFILE MODELS I):

Doppler BrodenIng:

Collisional Bdeaenieg:

Dther (spfcy):

IGAS DYNAMICS)

NOZZLE GEOMETRY MODELED (lnd type) (Vi: None
Cylindrica, Radially Flowing:

Rectangular., Lina.dy Fowing:

FLUID GRID DIMENSION IV): ID: 2D: 3D:-

FLOW FIELD MODELED IV):

Laminar: _Tebuinn..t

BASIC MODELING APPROACH (V)

Pnmite..d: Mixing:

THERMAL DRIVER MODELED (VI:

Arc Heater: Cxmbxstor:

Shok Tubc:_ Reistanc Heater:

F-ATOM DISSOCIATION FROM 0Vi:

F2 :SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

MODELS EFFECTS ON MIXING RATE DUE TO 
1

Vi)

NBoat dc .ndary Lay..:_Shock Warns:_

Preactions (the-mat bI-koag):._. Tu .b..ce:

Other (.peify):_

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Medin index Vaaos'____:

Other (specifyl:_

-- m - - - - --- -- -- - -

I

I

I



POLRES/POLRESH

CODE TYPE: OptiCS

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Axi symmetri c. Hal f-svmmetri c Unstable Resonator Anal vsi s with
two Fourier components for analysis of polarization Pffpct. POIRESHHSIIRTA modification.

ASSESSMENTOFCAPABILTIES: Bare resonator analysis for polarization effects.

ASSESSMENT OF LIMITATIONS: No-gain effects, resonator specific HSUR and HSURIA.

OTHERUNIQUEFEATURES: Models HSUR, HSURIA--linear-linear, PP wax or reflax. Analysis of
polarization effects.

ORIGINATOR/KEY CONTACT:
Name: William P. Latham Phone: (505) 844 -0721
Organization: AFWL/ALR
Address: Kirtland Air Force Base, New Mexico 87117

AVAILABLEDOCUMENTATION:(T=Theory U=UserRP=RelenanlPxblication). (RP) G. C. Dente. Applied Optics 18, 2911
_(1979); W. P. Latham. Polarization Effects in a Half-S-Ammetric Unstable Resonator with a Coated
Rear Cone," Applied Optics, to be published.

STATUS:

Operational Currently?: Yes
UnderModification?: H version for HSURIA, simple saturable gain, ring analysis of Chodzke and

Purpose(s): Huguley's experiments.

Ownership?: Government-AFWL
ProprIetary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 176 (AFWL)

TRANSPORTABLE?: No

Machine Dependent Restrictions: Machine language FFT.

SELF-CONTAINED?:

Other Codes Required (name, purpose): IMSLL IB-LE02C - linear equati on sol uti on
ASPLIB-ZRPCC - polynomial root solution

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

175K
I
1 60

M

I 

CODE NAME: [



CODE NAME: I POLRES/POLRESH

BASIC TYPE (V):

Phyicai Optic.: I/ G.omatnicai: .

FIELD (POLARIZATION) REPRESENTATION IV):
Scalar:.. Vector: t

COORDINATE SYSTEM (Catesian, cylindricM, etc.):,

Compact Regine: CY Annuar Region: Cy

TRANSVERSE GRID DIMENSIONALITY (V): 1D0 203

Compact Region: Both

Annular Region: *

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED IV):

Square: - Cnculan: "/ Strip:

Reclanguian:...... Elliptical: - Alrabir...y:

CONFIGURATION FLEXIBILITY (V):

Fined, Single Rsonator Gwometry: VI
Fieid, Multiple Resonator mee_ _ ___ __

Modular, Multiple Resonator m eGdes:_ _ _

PROPAGATION TECHNIQUE (Vl41 ithi acri): COMPACT ANNULA

Fresnel integral Aigorithms:

With Kennel A-nrtagig * = Vt

Gaussian Quadrture:

Fast Fourier Tranfdne (FFF): * I
F.at Hanekl Transform (FHT):

GSdnran'Frasoai-Kinchhff (GFK):I

Other (specify):

CONVERGENCE TECHNIQUE (0I:

Power Compais.n:.: r Field Comper>ise:

Other: Krylov Matrix Method

ACCELERATION ALGORITHMS USED?: _ _

Technique: Kryl ov

RESONATORTYPE(i): StandingWAo: . v
T.axeling Warn (Ring): _-R.e.rs. TW:

BRANCH (IV): Posfiti- ..v Negation:

OPTICAL ELEMENT MODELS INCLUDED (V):

fnt Miners: v Sphedri.l Miors: /

Cylindrical Mirror: - TeIlcopes :

Scraper Mierst:

Ahooes Wacicons RVllaicons

Arbitrary:

Unear: */

Parab.l-Parbola: / v

Varable Corn Offst:

Other (lpcoify):

Datemable Miners:

Spatial Filters: Gratings:

Other Elements:

GAIN MODELS (V): Ba Cafy Only: None

Simple Satuoded Gain: . Dtaiied Gain:

BARE CAVITY FIELD MODIFIER MODELS I): None
Minern Ti: - DeentratIn:

Abntlions. The.-al Di .ttionis:

Arbirary:

DefWected (spcify):

Retfletiifty Less:

Output Coupler Edges: Railed:

Serated: - ther:

LOADED CAVITY FIELD MODIFIER MODELS (
1

): None
Medium Ieden Vadatixe:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): edrapped BRams:..

O-ker, Kryl ov FAR-FIELD MODELS (V): BRam Stuadeg Rnmmai:J

Optimal Foca S rch: _ B..am Qxa.ity'

I I

GAIN REGION MODELED (V): None
Compact Region: _AnnubrI Regi n:..

COORDINATE SYSTEM (CArt.I.an. nylindrira ec.)

Compact Aaghx:_ Annular Region:

KINETICS GRID DIMENSIONALITY (iV:

Compact Region: _ _

annular Reion:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic As.. :_Fow Oir ctinL..

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):{ X i Y2 =YX: YT lilF1 C Tl Br I 

(Yx: :2 == YX XJ H C. I R_ I_

Cold (F + H2):_ D

Hot (HI F2):h. Chain IF H2 & H r F2 ):

um.,~ ( p cay ) :

ENERGY TRANSFER MODES MODELED IV): Reference

V-T: I

V-R: I

Othe-

Singy Une Medal I):

Muh1lina Model. iVI:

Assumed RotatI.n.I Popultion Dilitdbbtin Stat e :

Eqeilibrium'_:_ Nomeq.uilbdrum:

NRmbor ol Laser ULnes Mod eled:

Ser-c od Rate Coefficient Used in Caie:_

LINE PROFILE MODELS IV):

Ctollsional Breadaning:

Othen (Ispeciff_ _

I I I

GAS DYNAMICS

NOZZLE GEOMETRY MODELED land type) (I): None
Cyllndrical Radially Flowing:

RBctant.lan, Lin.ady fFowing:

FLUID GRID DIMENSION (V): ID: 2D: _ 3D:_

FLOW FIELD MODELED IV):

Latminar: Tunbuleet:.....

Other:

BASIC MODELING APPROACH I):

Pnemi.ed:_MIxIeg:

Othan (spc.ify):

RBf-eence fun Approach Used: -

THERMAL DRIVER MODELED (V):

Arc Hautlr: Combust-n-

Shock Txbo: Resitance Heater:

Other:

F-ATOM DISSOCIATION FROM (I):

F2 _SF,:

Other (speCify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:

DILUENTS MODELED:_

MODELS EFFECTS ON MIXING RATE DUE TO IV):

Nuode Boundary Layer:_ Shock War _ _

Preeacti.ns (themal blockage): .Txbul..e..:

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI:

Media Index Vadati.ns:

* H version only

= m m M - - - m g m no - - - - - - a

I

I

I

I
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CODE NAME: I

CODE TYPE: Optics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: POP (Physical Optics Propagation) Code; Physical optics analysis
of general HEL optical system and atmospheric propagation. Not limited to HEL resonators. Can
model CW or oulsed CO. EDL. GDL and iodine lasers.

ASSESSMENTOFCAPABILITIES: General purpose. versatile code which is easily applied to HEL problems
including resonators. beam transfer optics, atmospherics, and adaotive optics.

ASSESSMENT OF LIMITATIONS: Normal limits due to sampling and aliasing]requirements Transverse grid
dimensionalitv: (1) Com(act Region: (a) 2-D Cartesian. 2 X 2 -N+M = 16: (b) 2-f cylindrical
2048 radial points x l-azimuthal modes (1<300); (2) Annular region: 1-D cylindrical, 2048
radial points x 1 azimuthal modes (1!•300)

OTHERUNIQUEFEATURES: Principle Resonator Geometries Modeled: HSURIA, Compact Unstable Confocal or
Non-Confocal, Compact Unstable Astigmatic (or Toric. Toric Unstable Resonators (Annular),
Oscillator/Amplifier. A versatile interface routine allows use of a variety of kinetic models
with the POP. Other features include ZERNIKE polynomial decomposition and modification, pulsed or

O~~lA8R-~ay ~h°~min9 kinetic cooling.
Name: Dr. Peter B. Mumola Phone: (203) 762-4415
Organization: Perkin-Elmer Corporation
Address: 50 Danbury Rd./Ms 241, Wilton, Connecticut 06897

AVAILABLEDOCUMENTATION:(T=TheoryU=UserRP=RelevantPublication): (T) Available: (Ui Available

STATUS:

Operational Currently?: Yes

Under Modification?: As requi red

Purpose(s):

Ownership?: Perkin-Elmer
Proprietary?: Yes

MACHINE/OPERATINGSYSTEM(onwhichinstalled): CDC 7600. CYBER 176. IBM 3032. CRAY. CRAY-I (In progress).

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: No

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 

TypicalJob: 200K (SCM), 240K (LCM) 56 sec. (CYBER 176) 1 iteration (loaded cavity

Large Job: Pulsed EDL (CO2)

Approximate Numberof FORTRAN Lines: 10.000

pop



CODE NAME: I POP

BASIC TYPE (V):

Physical Opt!i.: t/ G -tfl: VI

FIELD (POLARIZATION) REPRESENTATION IV):

Scaiar: . VectorW

COORDINATE SYSTEM yCanteian. eplinIdcaL, *Ic.:-

Compact R ginnB.21.nn.Ia. Region:Stri P

TRANSVERSE GRID DIMENSIONALITY Vk): 10 2D

Compact Region: Cy Ca

Annuba Ral an:v

FIELD SYMMETRY RESTRICTIONS?: None

MIRROR SHAPE(S) ALLOWED (V):

Squ-ar: t. Cinoular: Vt Stip: t/

ecltangtar t/ EliptiaI: / Abitrary: V*

CONFIGURATION FLEXIBILITY (V):

Fixed. Single Resonator Geometry:

Filtd, Mnslpl. Res.nator Gaometries:

Mod.uar, Multiple Rstenulor Ganmetries: t/

'ROPAGATION TECHNIQUE (/.al et acrIrT CO-rACT ANNULA

Freseal Intgal Algorthbm:

with K-mlm knragieg = VT

Geessan Quadrture:

Fast Fsurisr T"nnned IP): T- VI

Fad Hankba Tandomn (FHT):

Gathino, FtPsnnI-Ershto IFE): t/

Other Ispeelfyl:____________________

CONVERGENCE TECHNIQUE IV):

Poewer Compatds:..i: f Fiid Compaisaon: fI

Othe,: Phase. RMS Intensity. Coupling.

ACCELERATION ALGORITHMS USED?: f
Ti'chnhxe:Field/Gain averaging, Dynamic

aye raging.R XRATO
MULTIPLE EIGfNVALUE/VECTOR EXTMCTION ALGORITHM:l V):

RESONATOR TYPE (V): SbndlngVWI:

Traneig W.. (Rieg): Re... TW:

BRANCH IV): PesMine: f Negates' f

OPTICAL ELEMENT MODELS INCLUDED IV):
Flat MI V: f SVhIri.1 Mi- /

CylindricalMirrr: .= T .'r isopes: V

Scraper Miners: vI

Avicons Wanicxns RfIeaxcon

Arbitay:

panbxlaPt-nbxla: i n
progress

Vdarible Cane Oelh:

Ohber (spteedy):

Det-mabla M1rr11 s:

5patil1 Fitt-er: V ___________

Oth.,rgem3nt_: Generalized conics,
windows, struts.

GAIN MODELS V/): BRoe Caily Only: vt

Slimptl Stertad Gan t/ V D witdVGn:

BARE CAVITY FIELD MODIFIER MODELS I):
IIII T .: . D-netaif an:_ _

Abatrtesfmn.-tl DldotIxs:

Arbhnry: VI
SWlaeelMd(spexlHy) As per HAC mirror model.

R5I~OlvIy Lo: 

Oudpud Ctupler Edga: Raled: _ _ _

Sel"ted: ' h.Otbec: Different rad. of
LOADED CAVITY FIELD MODIFIER MODELS IV): curv.

Medium Index Vadrti: I

a.. Vt~in 

Seedappd B..Rams: V

Other.

FAR-FIELD MODELS (V): BRam Sltei-ng Rmya.. .f/

Optimal Faorl S VIIh: f B VIo Q-lty:

Otter Adaptive optics evaluation,
Atmospheric propagation effect

I _
GAIN REGION MODELED (V): None

Compat Relxo: _An.u.ar Region:

COORDINATE SYSTEM (Cartesian. cylindrical etc.)

Compact RAgl,: _ Annular Redglx:

KINETICS GRID DIMENSIONALITY (I):

Compact RgIan:

Aenolar eagles: _ 

GAIN REGION SYMMETRY RESTRICTIONS:

Gale Vary Alxg Optic Aast: _ Flow Dlctic0onr

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V)

Yr X 2Y- YX n Y } F C, I Br I I I

Cold (F H2): D|

Hot(H F):_ Chain IF o H2, E F 2 )):

ENERGY TRANSFER MODES MODELED IV): Relerence

VT: IV-B:

V-F:_

Other:

Sitnge Urm Model A/Y

Moffitt Model. l(t): -
Avaesend Roia .onal Ppublatln Ditributlon StatV

Equi1ibrium:_ N.n-qwiiibRim:

Numbor of Lasr Usest Mdeid:.

Suact of Rota Coeffcien.t Used in Code:_ _

LINE PROFILE MODELS I():

Doppler BntrdtInlng:

Celiioal BReaid ing:

I I I
*Generalized conics- - - - - - -M * - a M - s u s

I

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (lnd tya) IV): None
Cylindrical Radiaily Floving:

Rect.an.uIr Uneady Flwing:

FLUID GRID DIMENSION (VI: ID: 2D: 3D:-

FLOW FIELD MODELED IV):

Latminar 'Turbuin'..t:

Ohher: __--

BASIC MODELING APPROACH (V):

Prnrmxed:_MhIlng:

Rfeetseces leo Appesach Uteed:

THERMAL DRIVER MODELED IV):
Am Hoter:_ Combuster:

Shock Tube:_Resistaec. Heatr:

Othhe

F-ATOM DISSOCIATION FROM (V):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

MODELS EFFECTS ON MIXING RATE DUE TO (V):

NRal Boundary Layer..:_Shock Wa.,":___

P.t-tactions (thaela blok.tae): .Txrhulencot:

Other (Ispelyl):

MODELS EFFECTS ON OPTICAL MODES DUE TO IV):
Medianinde Vadallo.s:

Other (pecify):

I



CODE NAME: PRE-WATSON r n

rang svee. anti-C5
CODE TYPE: _-pU.-w

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Evaluate impact on resonator solution of conical element
polarization.

ASSESSMENTOFCAPABILITIES: Models polarization of conical mirror. Allows arbitrary selection of
reflectivity and phase delay.

ASSESSMENT OF LIMITATIONS: Low resolution, only models polarization.

OTHERUNIQUEFEATURES: Resonator Geometries Modeled: half symmetric unstable resonator with rear cone.
Rear cone polarization.

ORIGINATOR/KEY CONTACT:
Name: Phillip D. Briggs Phone: (213) 884-3851
Organization: Rockwell International, Rocketdyne Division
Address: 6633 Canoga Ave., Canoga Park, California (91304)

AVAILABLE DOCUMENTATION: (T = Theory U = User, RP = Relevant Publication): ( RP) Various papers in open literature.

STATUS:

Operational Currently?: Yes

Under Modification?:

Purpose(s):

Ownership?: Developed under contract to AFWL.
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC Cvber 176

TRANSPORTABLE?: Yes, with mod.
Machine Dependent Restrictions: Uses CDC-extended core.

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Executiwn Time (Sec, CDC 7600)

Small Job:

Typical Job: 70K 5 cm, 200K 6 cm <1 min

Large Job:

Approximate Number of FORTRAN Lines: 600



CODE NAME: I PRP-WATSON

BASIC TYPE (V):

Physical Optics: Geometrical:-

FIELD (POLARIZATION) REPRESENTATION IV):
Scalar:.. Vcder: Y/

COORDINATE SYSTEM (Cadesian, cylindrica., tc.):-

Compact Rcgion:Cy Annular Rcgion: _

TRANSVERSE GRID DIMENSIONALITY (V): 1D 2

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (V):

Sqquare: Circular: Strip:

Rnctangular: Elliptical: AA bitrary:

CONFIGURATION FLEXIBILITY (It'):
Fun.d. Single Resonator Geometry: 

Fiend. Mutiple Resonator Geomtries:

Modular., Multiple Resonator Geometris:_

PROPAGATION TECHNIQUE pVpy )hx acyl: COMPACT VONULO

Frcsend Integr Algorithms:

With Kcael Areraging

Gaussian Quadrature:

Fast Fourie Transone (FF)O:

Fast Harkhe Transfone (FHT):

G.dnoenr.FmsneGlKirchhof (GFK):

Other (.peoiy):

CONVERGENCE TECHNIQUE (V):

Power Comparison: _ Field Compaison:

Other: Eigenvalue

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(VI:

Prony: /

I

RESONATOR TYPE (V): Standing Wane: 

Tra-ning Wae (Ring): - Rccrsc TW:

BRANCH (VI: Positioa: T! N.gatiN:

OPTICAL ELEMENT MODELS INCLUDED (V):

Flat Mirors: - Sphercal Mirror: 

Cylindical Miror: - T..scoP.:

Scrper Mirsers:

A.W oRns W..icons Rdbti

Arbitray:

Linear: 

Pra.bola.Parabea:

Variable Con Ofst:

Other (spacify):

Daftyneble Minos:

Spatial Flte: Gratings:

Othe, Eltmants: Cone

GAIN MODELS iV/): BRe Caca Only: /
Simple Sat.md Gain: Detaild Gain:

BARE CAVITY FIELD MODIFIER MODELS I):

Miner Tlt: D-1eetration:

Abration./Thenea Distortions:

Arbitrary:

Selected (Ip ffy):

RetleiUIfy Les:

Output Coxpler Edges: Rolled:

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS iV
1

:

Medium Ind.x Vadation:

Othecr

FAR-FIELD MODELS (V): B.am SteerIng Rmuca:_ _

Optimal Feo-a Search: BRoam Quality: Y

Other:

- _ 

GAIN REGION MODELED (V): None
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesa., cylindric. etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (Vi:

Compact Region: [ -[

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axe .. _ FlV Directionn .

PULSED: CW:_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (VI
{X X Y2 YXcY~ f |, F I C! I B. I I..

Cold (F H2): _ D

Hot (HI F2): Chain (F r H2 & H N F2 ):

Othe, (specify):

ENERGY TRANSFER MODES MODELED (v): Referenc

vvT: 

V-B:

Other

Single Line Model AU:

Multiline Model l iM

Assemed Rottionel Poplation Distibtin State (V)

Equilibrium: _ Nonequilibium:

Number of Lasr Lines Modeled:

Srurcc at Rate Coanicixets Used in Code:_

LINE PROFILE MODELS (V):

Doppler Broadanieg:

Collinal Bmadening:

I GAS DYNAMICS|

NOZZLE GEOMETRY MODELED (lnd type) iV): None

Cylindrical. Radially Flowing:

Rectangoer., Lin.ady Flowing:_

COORDINATE SYSTEM:

FLUID GRID DIMENSION (V): SD: 2D: 3D:-

FLOW FIELD MODELED (VI:

Laminar: Turbulent__

BASIC MODELING APPROACH (V):

Premixed:_MMixing:

Other (s.paify):

Reterencs for Appn ach Used:

THERMAL DRIVER MODELED IV):

Arc Ho-at: Combustr:

Shank Tub:-R t ....e nc Hoalte:

Other

F-ATOM DISSOCIATION FROM (VA:

Othe, (sppeify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL':_

DILUENTS MODELED: /

MODELS EFFECTS ON MIXING RATE DUE TO (V):
Nozcl Bo.nndary Layers.- Sheok W.-_ _ _ _

Premactions (therma blmkasg.):_Tudbulx....:

Other (sppeify):_

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Index Varions__:

I I I

m m - - f - - s o m f "

I
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CODE NAME: I QFHT

CODE TYPE: OptiCS

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: The QFHT (quasi fast Hankel transform) code was developed as a
tool for modeling high Fresnel number annular resonators.

Tkh nOCT r-nr w411 m-rA.1 a-rmrrthllv c e-rir r'srnatiiors with cnllimatedASSESSMENT OF CAPABILITIES: I - . E aI -, .. uu, a. -l Y ."xxx -x I , UI...... - -". .1 . - I-
Fresnel numbers in excess of 200. Code will model large variety of unstable resonators, positive
or negative branch, annular or ring. Modular code construction is used with resonator geometry
determined by input.

ASSESSMENT OF LIMITATIONS: Because of storage requirements. resonators with severe azimuthal variations
(i.e. 16 modes) and large (C-25) Fresnel numbers cannot be adequately sampled.

OTHERUNIQUEFEATURES: Models positive and negative compact unstable confocal resonators. rings, rings
with IFPA (inter focal point aperture), misaligned and offset axicon cones, and extra cavity phase
correction.

ORIGINATOR/KEY CONTACT:

Name: Paul E. Fileqer Phone: (305) 840-6643
Organization: United Technologies Research Center, OATL
Address: P.O. Box 2691, MS-R-48 West Palm Beach, Florida 33402

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): None

STATUS:

Operational Currently?: Yes

Under Modiftication?: Yes
Purpose(s) To incorporate multiline loaded capabilities by coupling to CLOQ3D kinetics package.

Ownership?: UTRC

Proprietary?: Yes
MACHINE/OPERATING SYSTEM (on which installed): CDC-176, IBM-370

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:



CODE NAME: I nFH-IT

BASIC TYPE (N):

Physical Optics:- t/eonerrical:.

FIELD (POLARIZATION) REPRESENTATION (V):

Scaiar: r/ Sector: In process

COORDINATE SYSTEM (Cartesan, cylindrical, etc.):

Compact Region: 9L AnnularRegion: tV

TRANSVERSE GRID DIMENSIONALITY (V): 1D 2

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: NonB

MIRROR SHAPE(S) ALLOWED (N4:

Sq-uare: C ircul-r: / . Strip:

Reotangular:- r Ellipticat.. / Adrt ity:

CONFIGURATION FLEXIBILITY (V):

Fiend, Single Resonator Ge ometry:

Fined, Moltiple Resonator Geometries:

Modlar., Multiple Resonator Genmet : ..: Tr

ROPAGATION TECHNIQUE lVali hat a COMPACT AsNUcs

Fresn.e Integral Algorithms:

With KE-noi Aseouging

Gaussian Quadrature: _

Fast Fourier Trensorm (FFT?: 

F.st Hankel Transorm (FHT):

Gaydsner-Frnnl-XirchhoV tGFK):

Other(pcify): Radial asymototiC orOpa-
aatnr .

CONVERGENCE TECHNIQUE (V)

Power Compdon:. Field ComPr ine: 

OtherWill alC uIsm pnwrr when lnmacmu

ACCELERATION ALGORITHMS USED?: Yes

Teohnique: Field averaging.
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Pmny: t/

Other:-

I

RESONATOR TYPE (N): Standing W an: 

Taoling Wane (Ring): .. R... oe TW: V

BRANCH (V): Ponitie:j N..gti-a: /

OPTICAL ELEMENT MODELS INCLUDED (V):

FPlt Minors: I/ Spherical Mirrr: t

Cylindrical MI-..: .. T/. ..... op- e / (geometric)

Scaper Mirrors: 

A-icons

Arbitnry:

Unear

Pfrabols.-Pebobl:

Variable Cone Ofset:

Other (specity):

D.ormahbl Minors: t/

Saa.i rana,. t/ o..u....-_

Oth.rElem.esM.isaligned and offset cones

GAIN MODELS (VI): BarsCaity Only: 

SimpleSatrtedGSaln: . D.etaiedGiG:(in work)

BARE CAVITY FIELD MODIFIER MODELS (VI):

MlnorTtt: / D-cnlraftion: /

Abhenatl.ns/Theol DiOtoatines:

Arhtrvy: a

SW.ected (sPecy): '

Retleotiity Lss:/

Output Coupler Edgsm: Rolled: /

Sesyated: VL Other:

LOADED CAVITY FIELD MODIFIER MODELS (VI:

Mediom Inden Varation:

0nedapped Beams:

FAR-FIELD MODELS cV:) Beam SteeingRcmod: 

Optimal Focal Sarch: t/ Beam Quality: /

Other

-~~~~~~~~~ I
GAIN REGION MODELED CV): None

Compact Regin: Annublr Region:

COORDINATE SYSTEM (Carteian, cylindical, etc.)

Compuct Rgion:_ Annular Rgion:

KINETICS GRID DIMENSIONALITY (C):

Compact Rgion:

Annular Rdgion

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Ao.n?:_ Flow Direction.

PULSED: CW:,_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (vI):

X : Y2 I:= 'YX + Y t H F I C' I r| 

CId (F H,1:- 1D 

Hot (H n F2): Chain IF c H2 & H OF2):

Other (spocly):

ENERGY TRANSFER MODES MODELED (v): Retornc.e

5-1: I
V-Si

Other:

Single Li.n Model 06

Multiline Model IV _

Aseumed ROtasinnol Ppoutibon Ddsbutian Stcs (VI

Equilibdum:..: No n.quilibdium -

Number el L.ser Unes Modeled: _

Source of Rate Cofficents Used in Code:

LINE PROFILE MODELS A&

M-~~~~~~ 

| GAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (1) None
Cyliddoal, Radially Flowing:

Rectangulr, Uneady Flowing:

FLUID GRID DIMENSION (V): ID:S 2D: 3D:-

FLOW FIELD MODELED (V):

Laminar:- _T-bule

BASIC MODELING APPROACH (V):

P-ei-&-: Mii.9 :-

Relerencos Soy ApPyach USed:_

THERMAL DRIVER MODELED (VI:

Arc Helatr: _Combudtor:

Shock Tub.: - Resitance Heater:

F-ATOM DISSOCIATION FROM (V,:

F 2:-SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (14:

Noe.le Boundary Lyer..ti: Shock Wa-cs:

Prereactions (therma bleckacg.): Turbulneee:

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI:

Media Inde. Varietiont

tbey (seci..ty):

a a s - a a, - a - a a as a a a Wa

I

F

i

I

I



CODE NAME: R

CODE TYPE: Optics, Kinetics, and Gasdvnamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Resonator parameter selection, assess mode control, performance
predictions for power and beam quality, resonator perturbation analysis, beam quality budgeting,
set/verify design requirements.

ASSESSMENTOFCAPABILITIES: 3-D optics calculation with general field modifier models coupled to AEROKNS
code for kinetics and gasdynamics calculations. Code uses modular construction (see AEROKNS for more
details).

ASSESSMENTOFLIMITATIONS: Kinetics model does not include rotational nonequilibrium. Code is Presently
beinq devel oped.

OTHERUNIQUEFEATURES: Resonator geometries modeled: HSURIA w/waxicon or reflaxicon (general surface).
ring w/waxicon or reflaxicon (general surface). Beam rotators, axisymmetric mode competition,
3D basis set competition.

ORIGINATOR/KEY CONTACT:
Name: Phil Briggs Phone: (213) 884-3851
Organization: Rockwell International-Rocketdyne Division
Address: 6633 Canoga Ave.. Canoga Park, California 91304

AVAILABLE DOCUMENTATION: (T = TheoryU = User, RP = Relevant Publication): (T) Annular Laser Optics Study Final Regort
(AFWL-TR-77-117) (U) Annular Laser Optics Study User's Manual: Loaded Cavity Codes.

STATUS:

Operational Currently?: No

Under Modification?: Under devel opment
Purpose(s):

Ownership?: Rockwell International
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: With modi fi cation.
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 200K SCM - 200K LCM ?
Typical Job: 200K SCM - 500K LCM ?

LargeJob: 200K SCM -1000K LCM ?
Approximate Number of FORTRAN Lines:

�1
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CODE NAME: I RASrAl

BASIC TYPE (IV):

PhysicalS Optics: Geom- trical:_

FIELD (POLARIZATION) REPRESENTATION (V):

Scaler: / V.ctor:/

COORDINATE SYSTEM YCartesian. cyliodrioeL. ct:.1I

Compact Region: Cy Annular ,Rgion: CY

TRANSVERSE GRID DIMENSIONALITY (i): SD 2D

Cumpact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: None

MIRROR SHAPE(S) ALLOWED JV):

Square: Chzul-r: *tfip:-

Rnctangular: gliptical: _ Artitrary::

CONFIGURATION FLEXIBILITY (I):

Fixod, Single Resonator Geometr:

Pixadt Muoltept neoxeater Geomctdeeo:

Modular. Multiple esonatur Geometris: I/

PROPAGATION TECHNIQUE D C/all M Tat ace:y) COoCT ANNULA

FrsnN Integral Algorithms:

With KEmel Aunraxing = T

Gaussian Quadrature:

F.st Feunier Transform (FFY?: I
FPst Hanbk T-anstorm (FHT):

Gardanar-Fnnl-Khirchhof (6FK): I 

Other(specify): Midpoint Rule Com/Ann.

CONVERGENCE TECHNIQUE (iV):

POwec Compais.n:. / Field Com-pade::

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(Vt:

Peony: /

I

RESONATOR TYPE (V): Standing Wa..: /

Traeing Wane (Ring): v. Re-ors TW:

BRANCH (V): Position: / N....Negti: /

OPTICAL ELEMENT MODELS INCLUDED (V):

nft Miror: J Spheical Mirors: 

Scraper Miner: /

A.lcons

Arbitray:

Unear:

Parabela.-Pra.bea:

Vaabld Cons Onset:

Other (specify):

Daloneable Miner: T/

Spatial Filers: 1/ Gatings:

Other Elements:

GAIN MODELS (V): Bre CaVIty Only:

Simpe Saturated Gale: / Detaied Gain: /

BARE CAVITY FIELD MODIFIER MODELS (V):

Minor--- Tilt: .. Decetration: 0'
Aberrati..s/Theneal Distortions:

---tram- /

R1lctiofyit Loss:

Output Coupler Edgen: Rolled:

Sen-ted: _O.te r:

LOADED CAVITY FIELD MODIFIER MODELS (V):
Medium Index Vadaron: '

Sendapped BReams:

Other:General medium in homogeneities

FAR-FIELD MODELS (/): BRam StandegR...a: V

Optimal Focl Sarch: I/ .. am Quity: /

Other Beam phase cleanup system
model.

I I _
AEROKNS

GAIN REGION MODELED (v):

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian. cylndrical. etc.)

Compact RBgion:_ Annular Region: CY

KINETICS GRID DIMENSIONALITY (v):

Compact Regi: e _ _

Annulr Rcgon:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axe..?:_ Flow. DirectIon ,r

PULSED: - CW: / KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (VI:
XGOY2-Y~ttCl|B.Y{ c X2 = YX a X HS

Cold IF 0 H2 t):_T , D|

Hot (HI F2):_j/ Chain (F + H2 & H x F2):

Other (specify):

ENERGY TRANSFER MODES MODELED (V): Reference

V-T: 0 Cohen

v.. V I rChen

Sinele UnL Mode l/)

Mul1tilns Modet 't: V, /

Assomed Rotational Popolation Distibotin State (/):

Equilibrium: / .No.equilibrium:

Number of Laser Lines Modeed 12

SeanceofRate CoehicntoUsedin Cide: Handbook of

Chemical Lasers.

LINE PROFILE MODELS Vi):
Doppler Broadaning: /

Collis.onal B.adening: /

Other (specify):

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) i\t:

Cylindrica., Radially Flowing: /

Rectanguar. ULinearly Flw-ing:

Other:

COORDINATE SYSTEM: CV

FLUID GRID DIMENSION (V): ID: . 2D __ 3D:_

FLOW FIELD MODELED (V):

Laminar: .... Tudbxlent:

Other: Scheduled mixing

BASIC MODELING APPROACH (I:

Premi.ed: ..Miing: /

Rete.n.cestorAppoachUsied: Al nS Final P Rnprt

THERMAL DRIVER MODELED (VI:

Am HNeer _ Combustor__:

Shock Tube: _Ristan.c Hoater:

O-_ Not modeled.

F-ATOM DISSOCIATION FROM (it:

F
2
: / SF,: /

Other(specify: NFq

F-ATOM CONCENTRATION DETERMINED FROM MODEL':*

DILUENTS MODELED: He - N.

MODELS EFFECTS ON MIXING RATE DUE TO IV):

Naala Roundary Lyeyr: T/ Shock W axes.:

Peeactions (then.a1 blocbag):-Turbulen.e:

Othe (specify): Tri P

MODELS EFFECTS ON OPTICAL MODES DUE TO (VI):

Media Indel Variations:/

Other (specify):

~~~~1 __ . ~~~~~~~~~~~~~~~~- 03 UL) I I zI it -UI - -ie -:- -I-I-I-I -LOmm 'MM-" mm m fm I -- - - -
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CODE NAME: I

CODE TYPE: Optical and Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Study interaction between rotational noneguilibrium kinetics and
optical resonator geometry. Also see NORO-I.

ASSESSMENTOFCAPABILITIES: Since kinetic-fluid dynamic model is qualitative. code provides qualitative
understanding of nonlinear interactions between kinetics, fluid dynamics,and optical resonator.

ASSESSMENTOFLIMITATIONS: Oualitative kinetics and fluid dynamics: strip minor resonator model
(developed by Bell Aerospace Textron) models two mirror stable and unstable resonators.

OTHERUNIQUEFEATURES: Can take up to 30 lines: because of rotational nonequilibrium kinetics.
predicts which lines will lase.

ORIGINATOR/KEY CONTACT:
Name: L.H. Sentman Phone: (217) 333-1834
Organization: Department of Aeronautical and Astronautical Engineering, University of Illinois
Address: 101 Transportation Building, Urbana, Illinois 61801

AVAILABLEDOCUMENTATION:IT=TheoryU = User. RP= RelevantPublication): (RP) Applied Optics 17. 2244 (1978).

STATUS:

Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: Bell Aerospace TEXTRON
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 150 sec/iteration*
Large Job:

C=

C-1)
r_
:x-
<111�
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ROPTICS

Approximate Number of FORTRAN Lines: * tvDicallv takes 15 iterations to converse.
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CODE NAME: PnOTI4R

CODETYPE: -Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Prediction of HR/OF chemical laser performance based on coupled
rate equation analysis of chemical, vibrational, rotational, and radiative transfer.

ASSESSMENT OF CAPABILITIES: Accurate Prediction of laser sPectra results from rotational noneguilibrium
feature of kinetic analysis. Can vary mixing rate and schedules of flow variables to approximate
certain physical effects (e.g. boundary layers, shock, etc.) Geometrical optics is used.

ASSESSMENT OF LIMITATIONS: rdur-y-re-u L FE~U11dUII CLu0is of one-dimensional, scheduled mixing variety.
nalysis is one-dimensional; fluid dynamic analysis

OTHER UNIQUE FEATURES: Scheduled mixing model with different mixing lengths for primary and secondary
mixing zones. Allows use of linear, exponential, or tabular rates.

ORIGINATOR/KEY CONTACT:
Name: R. J. Hall1 Phone. (203) 727-7349
Organization: United Technologies Research Center
Address: Silver Lane, E. Hartford, Connecticut 06108

AVAILABLE DOCUMENTATION:(T = Theory, U = UserRP-= Relevant Publication): (RP) R. J. Hall. "Rotational Noneguilibrium
and Line-Selected Operation in CW OF Chemical Lasers", IEEE JOE, QE-12, 453 (1976).

STATUS:

Oporational Currently?: Yes
Under Medification?: No

Purpose(s).

Ownership?: UTRC
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): Univac 1110

TRANSPORTABLE?: Yes

Machtne Dependent Restrictions: None

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Cure Size (Octal Words) Execution Time (Sec. COC 7600)

Small Job:
Typical Job: Same for all: 110K ' 60-90
Large Job:

I-

4.-)
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Approximate Number of FORTRAN Lines: 2000



CODE NAME: I ROTKTIN

BASIC TYPE (V):

Physical Optics _Geomntnical:/

FIELD (POLARIZATION) REPRESENTATION 
1

Vt:

Scaler V Vctor:

COORDINATE SYSTEM (Cartsian. cylindrical. eto:-

Compact Regiuo: - Annular Region..

TRANSVERSE GRID DIMENSIONALITY (I/): D 20

Compact Region:

Annolar Regi-o_

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (V):

Square:____ Circular: Strip: 0

CONFIGURATION FLEXIBILITY (I):
Fixed, Single ResonatorGtomelry: V (Fabry-Perot)

Modular. Multiple geneator Ge metes_

PROPAGATION TECHNIQUE -Va:. xccc) CCMPACT OSNNULAOS

Fre.nol Integral algorithms:

With KEmel Aunraging

Gaussian Quadrature:_

Fast Focnier Transform (FFM:

Fast Hankel Toadomn (FHT)

Gerdennr-Frmnel.Kirchholt (GFK):

Ghber Ispcify):

CONVERGENCE TECHNIQUE (/):

Power Compaison.. Field Compainseo:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\):

Pran:-

I

RESONATOR TYPE (Vi) Standing Wae: 

Tra-ling Wae (Ring): -R .-v. TW:

BRANCH (V: Position _ Negatio

OPTICAL ELEMENT MODELS INCLUDED I/):

Flat Mines / Spherical Miror

Cylindrical Miror: - Tlescp-s

Scrper Mirr:

Anicons

Arbitary:

Linear:

Parabela-Parabeta:

Vardabl Cone Ofst:

Othbr (specity):

DWfn-bl Mlners

Spatia Filters: Gratings:

Other Elements:

GAIN MODELS (V): BRa Cavity Only:

Simple Saturated Gain: DtileId Gain: 0
BARE CAVITY FIELD MODIFIER MODELS (i):

Miner Ti: h . D-entratinn:

AberralmsfbTheneal Distotions:

Arbitrry:

Selected (specify):

Rllec-tiviy Lmes:

Dutput Coapler Edges: Rolld:

Sented: Other

LOADED CAVITY FIELD MODIFIER MODELS (A)
Medium Index Varaion

FAR-FIELD MODELS (V): Roam St-anrig Remonal

Optimal Fcal Seah:_.. Ram Quality

I I

GAIN REGION MODELED (IV)

Compact Region: Annelar Regin:

COORDINATE SYSTEM (Cartslan. cylindica. etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (V):

Compact Redgon1

Annular Reulon

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: _ floe Dirction..

PULSED: CW 0/ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I):

{ ::~: ~

Cold (F * H2): D _

Hut (H I F2): Chain IF * H2 & H * F2t

Other (spaify):

ENERGY TRANSFER MODES MODELED (V): Rference

VT:TR'

V-B:
VV5: 0'
Other:

Single Une Model iAt:

Multilina Model. i\t /

Assumed Rotational Population Ditrdbution State A/):

Equllibdium: Nonquilibim- y

Number lf Laser ULn Medelyd:UP to 68 .

Source xf Rate Coff icients Used In Cod: AIFA

kinetics.

LINE PROFILE MODELS (Vt:

Doppler BRadening: 

Collisional . madening:

Othen(spcdiyf: 0 (iVnight)

Ji I I

I GAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (V):
Cylindriclo Radially Flowing: '

Rtangular. Uneady Flowing: '

trartesian or cylindrical
FLUID GRID DIMENSION (I): ID: V/ 2D:-3D_:

FLOW FIELD MODELED INi:

Laminar 0' Turb1leet ..

Oher Scheduled mixing model.

BASIC MODELING APPROACH IV):
Prmi.id:-Mixing: 0/
Othe.r(pecfy): Scheduled mixing model with

different mixing lengths for differ-
ent zones.
Rterences to Appach Usd:

THERMAL DRIVER MODELED (VI)

Arc Heater : ..Combxdtor:

Shock Tube.: Resistenon Heater:

Other-

F-ATOM DISSOCIATION FROM (/):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: _

DILUENTS MODELED: __e _

MODELS EFFECTS ON MIHING RA VUE TO IN/)

Nnole Bondeary Layer.. Sheck Wanes:

Pre-actions (thermal blockage.)-Txbxlence:

Oth.,(pacify): Can vary mixing rate, sche-

dules of flow variables to approxi-

mate above effects.

MODELS EFFECTS ON OPTICAL MODES DUE TO (Vt:

Media Index Variations:

Other (.plhfy):

W -_ -_ _ ' -_ - - _ -_
I

I
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CODE NAME: I

CODE TYPE:

SAIC2D

Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF Cl
annular fnti-al x-snnatnrc

Provide capabilitv of modeling hiah-order modes in cylindrical/

ASSESSME N TOF CAPABILITIES: Provides beam intensity and phase distribution throughout any cylindrical/
annular resonator system. Determine effects of system perturbations of these distributions.

ASSESSMENTOFLIMITATIONS: Limited to analysis of beams with azimuthal modes and compact region
Fresnel numbers < 10.

OTHERUNIQUEFEATURES. Models HSURIA and traveling wave annular ring resonator

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone: (404) 955-2663
Organization: Science Applications, Inc.

Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339
AVAILABLEDOCUMENTATION: (T=Theor U = User. RP = Relevant Publication): (RP) E. A. Sziklas and A. E. Siegman,

Applied Optics 14, 1874 (1975).

STATUS:

Operational Currently?: Yes

Under Modification?: Yes
Purpose(s): Incorporate generalized axicon/reflaxicon model.

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cyber 175/176

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: Requires 370K or virtual memory computer. Some CDC FORTRAN dependent

SELF-CONTAINED?: Yes, except as noted below.
OtherCodesRequired(namepurpose): Requires input from kinetics calculations on a subroutine to do
gain calculations for power extraction option. (See GCAL.)

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 370K 250-300
Typical Job: 370K 300-500

Large Job: 370K 500-2000

Approximate Number of FORTRAN Lines: 3000



CODE NAME: I SAIC2D

BASIC TYPE (t):

Physical Gpti-s' Geometrcl :_

FIELD (POLARIZATION) REPRESENTATION IV)
Scaler: 0/ Vector:

COORDINATE SYSTEM (Cartesian. cylindrica. etot:-

CompactRegion Ca Annular Region: C Y

TRANSVERSE GRID DIMENSIONALITY (t/`: ID 
Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: 1-16 Azimuthal
MIRROR SHAPEIS) ALLOWED (i):modes in annular

Square / Ci r / St regions
Rectangular. Elliptial:. Arbitary:

CONFIGURATION FLEXIBILITY (V):
Fixed. Single Resonator Gmetry:

Fined. Multiple Resonator Gometris:

Modular. Multiple Resonator Gometdie: 0/
PROPAGATION TECHNIQUE (,/a.I Ihal xly):: COMPACT ANNJLAf

Fresnel Integra Algorithms:

With KCanel A.eraging

Gaussian Quadture:

Fast Fourir Toadomm (FFT): I
Fast Hankal Transone (FHT= 

Gardener-Fmsnel .Kiwhhun (GFK):

Other(spcify): Radial asvmptotic
expansion in annular region

CONVERGENCE TECHNIQUE (IV):
Power Compaisosn: v Field Compdnse 0'

Other

ACCELERATION ALGORITHMS USED?: YP
Tchniqee: Field and gain averaging

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(/):

Pron

* r1Rx12R #R10109 q 0l l 0I = II9P IL 19 T fl1so O-04 no .

I

RESONATOR TYPE (V/): Standing W 0'. /
Trvaling W... (Ring): Revese TW: /

BRANCH (/): Pofitii- '/ Nngsta,.: I/
OPTICAL ELEMENT MODELS INCLUDED (I):

Flat Miror: / Sph.rical Minersn / _

Cylindrical Minsn: . .Tescopa: 

Scrper Miner s

AAicann I IIIa I wZ=

Arbitrary:

U.ear.:

Pfrabela-Porbela: 

Vadable Corn Offet:

Other Ispeciby):

Dafo-able Mine: V'

Spatil Filter Gragtens:

Other Eaments:

/

GAIN MODELS (I/): Rw Canay Only:
Simple Saturted Galn: ./ D .. hta d Gain: 0

BARE CAVITY FIELD MODIFIER MODELS (/)I
Miner Tlt: V Decetatn: 

Abe.ati..n./Theneel Digtnti.ns:

^ i--_ v

Intensity mappinq &
Refieeity Lens: I' bowing

Output Coxpler Edge: Rolled:

Serated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (i):
Medium Index Vadation: 0

Othec

FAR-FIELD MODELS (V/): Ram Standeg Remosal: 0
Optima1 Fucal Seah: / Bam Quay b

GAIN REGION MODELED (V)
Compact Relon: Annulb R.I _

COORDINATE SYSTEM (Crtsian. cylindoa.l. ete)

Compact Rgion:_ Annular Region:

KINETICS GRID DIMENSIONALITY (VI:

Compact Rgion_:

Annular Reon_:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic AExal: - Fflow Dir-ction7

PULSED: CW:-KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

{X + Y2 -=YX +Y~ | _ ~F C1' 
(Y+X2=YX+XJIHB-- I I

Cold IF H2 ):D

Hot (HI F2): Chain IF + H2 L H I F2 ):

ENERGY TRANSFER MODES MODELED (V): Rftrence

V-T _

V-B:

Other:

Singe ULne Model M

Meliline Model i M:

Assum d Rotational Population Disdbution State i.i:

Equilibrium: Non..i. hriumil ____

Number of La.er Lines Modeld:_

Source f RBate Cofficients Used In Code:

LINE PROFILE MODELS (%/)

DoppIer Radening:

Collisional BReadening:

Other (spey: ci

1 I GAS DY

NOZZLE GEOMETRY MODELED (end type) (I):
Cylinddoal. Radiaily Flowing:

Rectangulr. Li.neai.y Flowing:

FLUID GRID DIMENSION (VI) IDo 2D _3D0-

FLOW FIELD MODELED A&

Larminar: Turbulet:

BASIC MODELING APPROACH (I)
Premi.ed:_Miling:

References tar Appyach Used:

THERMAL DRIVER MODELED (16:
Arc H-t-r: _ Combustor:

Shock Txbe: Rsisance Ht-e:

F-ATOM DISSOCIATION FROM (A/)
F2 -SF,:

Other (,npcify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL._
DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):
Noade Boundary LayerShock Wan- _

Pnroctinh Itbermal blekgn): Turbhece

I-sPecyt:

MODELS EFFECTS ON OPTICAL MODES DUE TO (iV):
Media Indec Variations

Ot-e Isoeci,

I

mm MM" m -" _ _ -m m 

IIII I

I

I

I I
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CODE NAME I
SAIC2DV

CODE TYPE: Optics

PRINCIPAL PURPOSF(S)/APPLICATION(S) OF CODE: Provide accurate, cost-effective method of cvlindrical/annular
optical resonator mode and power extraction analysis and determine the effect of various
design perturbations on these parameters. (This code is a vectorized version of SAIC2D.)

ASSESSMENTOFCAPABILITIES Provides beam intensity and phase distributions throughout any cylindrical/

annular resonator system. Determine effects of system perturbations on these distributions.

ASSESSMENT OF LIMITATIONS: Limited to analysis of beams with 1-32 azimuthal modes and compact region

Fresnel numbers < 30.

OTHERUNIQUEFEATURES: Models HSURIA and traveling wave annular resonator.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone: (404) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road. Suite 220. Atlanta, Georgia 30339

AVAILABLEDOCUMENTATION: (T=Theory, U = User. RP= RelevantPublication): (RP) E. A. Sziklas and A. E. Siegman.
Applied Optics 14, 1874 (1975)

STATUS:

Operational Currently?: Yes
Under Modification?: Yes

Purpose(s): To complete optimization of vectorized routines

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CYBER 203

TRANSPORTABLE?: No
Machine Dependent Restrictions: Usus CYBER 203 vector algorithms

SELF-CONTAINED?: Yes, except as noted below.
OtherCodesRequire innmepnrpose) Requires imput from kinetics calculations or a subroutine to do
gain calculations for power extraction option (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 1000K 20 CYBER 203
Typical JJb 1000K 100 CYBER 203
Large Job: 1000K 500-1000 CYBER 203

Approximate Number of FORTRAN Lines:

cr

CS.')
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CODE NAME: I SAICZDV I

_____________ I I

BASIC TYPE (v):

Physical Optics:-/ Gomrtnical:_

FIELD (POLARIZATION) REPRESENTATION iMt:

Scalar: V Vector:

COORDINATE SYSTEM (Can-tsian. cylindric. tc):

Compact Region: Ca Annular Region: CY

TRANSVERSE GRID DIMENSIONALITY IV/): ID 2D

Compact Region :I V I

Annular Region: I;A V2

FIELD SYMMETRY RESTRICTIONS? 1-64 azimuthal
MIRROR SHAPE(S) ALLOWED (v): modes in annular

Sqoare: 0' Circular: / 5 regions

Rectangtar... Elliptical: - Arbitrary:

CONFIGURATION FLEXIBILITY (\/:

Fiend.

Modular. Moltipla Resonator Ge-ometries: 

PROPAGATION TECHNIQUE M/al Ial xcplt COMPACT ssuoo

Freenel Integral Algorithms:

With Kerrel A-eraging

Gausnian Quadrature:

Fast Fourier Transform (FFY):

Fast Haukel Tranform (FHT):

Gardener-Frrsn-)elirchhoff (GFK):

Other (spcify): Radial asymoptoti c

expansion in annular region

CONVERGENCE TECHNIQUE (/):
Power Comp-nsIn / Field Compaison: T/

ACCELERATION ALGORITHMS USED?:

Techoique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM: (V):

Prony:

Other

(1) 256 x 256 (2) 32768 (3) 32768/NL

RESONATORTYPE(A) St.V digW. '
Tra.Uling W..x (Ring): VI VRe Iee 0

BRANCH IV): Pusitie.: Negaetion

OPTICAL ELEMENT MODELS INCLUDED (VI:

n.t Miors: '/ Spherical Minors

Cylindrical Mir-u: Tescopes V

Scrapr Miners 0'
Axicons Waxiceex Beflaxicors

Arbitrary:

Linear:

Parabela-Parabel_:

Vadable Corn Onet:

Other (Ispeify:)

Deoneable Minors: V
Spatial Filters Gratng:

Other Elements

GAIN MODELS (): BRs Cyify Only:

Simple Saturted Sale: V DteIid G 0' '/

BARE CAVITY FIELD MODIFIER MODELS (t):

Miner TOO: V D'

Abe.ati.ns/Therna Distortions:

Arbitrary: '/

Selected( spe ): Intensity mapping &
I~~ ~ ~bowl ng

Reg-etinify Le ns

Output CouPlr Edge: Roled:

Soated: Other

LOADED CAVITY FIELD MODIFIER MODELS IV):
Medium Index Variation: 0

Gas Absorption: T'

Oerdapped Beams: V

Other:

FAR-FIELD MODELS (Vi) BRam Steeing Remooal: I/

Optimal Focal Sarch: '/ . oam Quality: 

GAIN REGION MODELED (Vt:
Cempact Region: Annular Redgon:

COORDINATE SYSTEM (Cartel.n. cylindrical. et.)

Compact Region _ Annular Region:

KINETICS GRID DIMENSIONALITY (/):

Compact RBegun _

Annubr Began _ _

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vuty Along Optic Dx _Flow Oirection..?

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V)

{X+ YX:::~ + F Cl | Br

Cold IF H0 : 

Hot (HI F2 1):Chain IF B H2 & H - F2):

Other (pecify):

ENERGY TRANSFER MODES MODELED (i): Rference

VT_: 

VRB_

V.V:

Other:

Single Line Model M

Multiline Model i\t:

Assomed Rotatio..l Population Disibution State Vt:

Eqailibdium: . .Non.quilibnium -

Number ol La.ser ines Modeled

Seance xl Rule Coefficients Used to Coc _

LINE PROFILE MODELS ():

I I I-

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) IN/)
Cylindrical. Radially Flowing:

Rentangular. Lineady Flowing:

FLUID GRID DIMENSION (V/I: ED . 2D 3D _

FLOW FIELD MODELED 
1

Vt:

Laminar Tednlent:

BASIC MODELING APPROACH (/):

Pr mi.ed:_Minin9:

References oIn App..ch

THERMAL DRIVER MODELED (/):

Ar Heater Combuxtor:.

Shock Tube: .:_Rsist.nce Helter

F-ATOM DISSOCIATION FROM (W)

F2 -SF,:

Other (p-Pify): 

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: -

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (I):

Nuale Boundary Laye.. Shock Wa- _ _

Penacti-n (thermat biock ge.) Turbule-c-:

Other (-pCify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (11 :

Media Index Variations:

Other (spcify):

_ _ - -'_ - M m _ _ as

I

I
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CODE NAME: I

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Provide accurate, cost-effective method of cylindrical/annular
optical resonator parameter analysis including power extraction for use in overall system
optimization.

ASSESSMENT OF CAPABILITIES: Provides beam intensity and phase distributions throughout any cylindrical/
annular resonator system.

ASSESSMENTOFLIMITATIONS: Models only circular beams which can be described with 1 - 8 azimuthal modes.

OTHERUNIQUEFEATURES: Models standing wave and annular ring resonators, compact unstable confocal
resonators, confocal and non-confocal HSURIA.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone: (404) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAM OjCUMENTATIWN: (T =. TeorI - Use , RP - Relevant Publicati n . (T) HF Laser Subsystem Technology Assessment
tDARPA Int , anta, Georgia, iu y, 1979 (CONFIDENTIAL).
(RP) E. A. Sziklas and A. E. Siegman, Applied Optics 14, 1874 (1975).

STATUS:

Operational Currently?: Yes

Under Modification?: Yes
Purpose(s): To provide generalized axicon/reflaxicon model.

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cyber list 176

TRANSPORTABLE?: Yes
MachineDependentRestrictions: Requires machine with minimum of 370K or virtual memory; some lines in
code are CDC FORTRAN dependent.

SELF-CONTAINED?: Yes, except as noted below.
Other Codes Required (name, purpose): Requires input from kinetics calculations or a subroutine to do
gain calculations for power extraction (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: 370K 10 - 50
Typical Job: 370K 50 - 100

LargeJob: 370K 100 - 300

SAIFHT

Approximate Number of FORTRAN Lines: 2500



CODE NAME: I SAIFHT

I I __~~~~~~~~~~~

BASIC TYPE (v):

Physical Optics ' G-ometncal_

FIELD (POLARIZATION) REPRESENTATION (I):

Scalar : Vector:

COORDINATE SYSTEM (Caesian, cylinddcal, elci:

Compact Region: Cy Annular Reginn: Cy

TRANSVERSE GRID DIMENSIONALITY (v): ID 2D

Compact Region:u9 0 

Annular Region: 1 9d j 09A

FIELDSYMMETRYRESTRICTIONS? 1-8 azimuthal
MIRROR SHAPE(S) ALLOWED modes

Square: Circular ' Stp:

Rect.ogolar: _ Ellipticl: Arbitrry:

CONFIGURATION FLEXIBILITY IV):

Fined, Single R sonator Geometry:

Fined, Multiple Resonator Geometrie:

Modular, Multiple Rson-tor Geometies: /

PROPAGATION TECHNIQUE (Va: roar oyply,). COMPACT OA-UAh

Fresnel Intagral Algorithms:

With Kernel Anaraging

Gaussian Qoadrature:

Fast Fourier Tretnfon (FFT): i
Fast Hankel Transorm (FHT):

Gardennr-Fmnal-EKimhhoti (GFE):

Othel(pacity): Radial asvmototi r FXpi tin

in annular region

CONVERGENCE TECHNIQUE (/):

Power Comnpinwn: . Field Comperien: J .

ACCELERATION ALGORITHMS USED?: Yes
Techniqe: Field and gain averaaina

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM: VI:

Prony:

Other:

RESONATORTYPE(V/): SandingWan: /
Traneling Wane (Ring): V Reerse TW: 

~ BRANCH (/): iPoeloe: Negatio n

OPTICAL ELEMENT MODELS INCLUDED (/):
Fiat Minors: / Spherical Minor: v

Cylindrical Minors: . TTescop..: '

S raper Minor: /

Auleons

Arbitrry:

ULnear

Parabola-Parabola:

Vadable CoN D w

Other (spcify):

Delormable Mln-s:_r

Sptidal Filter: Grtinga:

GAIN MODELS (/): BRam Caity Only:

SImple Statoratd Gain: D.tailed Gain: Y'

BARE CAVITY FIELD MODIFIER MODELS (v):
Mirn TiR: _ / D__ ocentrtliee: /
Aberatso.s/Th--mal Dtldottons

Arbitray: V

Selected(spcity): intensity mapping &
Re ty Lees:/ bowing

OUtpet Coupler Edges: Rolled:

Serated: Other

LOADED CAVITY FIELD MODIFIER MODELS (v):

Medium Indes Varation /

FAR-FIELD MODELS (/): BRam Steering Remoal: 

Optimal Foca Se.rc:h B.Ram Quality: /
Oth-r

GAIN REGION MODELED (I):

Compact Rgion: _Annular Reion:

COORDINATE SYSTEM (Cartesian. ylindric. etc.)

Compact Region: Annular Regioe:

KINETICS GRID DIMENSIONALITY V/):

CRepiot R[gi.. _ __

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

GSan Vary Along Optic Aboel _. Fine DirR. ti. n?.

PULSED: CW KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (I:

{ : 2: = YX } : Vr l | F I r C t

CoId (F H2):_ D

Hot (HI F 2): Chain IF oH2 L& H o F2 ):

Other (speit):

ENERGY TRANSFER MODES MODELED (v): Rf.....

V-T: 

V-R:

VV:_-

Other

Singe ULne Model M

Maltilin. Modal. MV):

Assomed Rotational Pepulation Ditdbtion State (VI:

Equilibnium:Noeeqoilibdum: _

Nombr LrLi M e... ..U.. Md d: -

Source ol RIte Coefficits Used in Code:

LINE PROFILE MODELS (VI:

Other (pitfy):.

I

| GAS DYNAMICS)

NOZZLE GEOMETRY MODELED (and type) (VI:

Cylindrical. Radially FlWing:

Rectangular. Lineady Flowing:

FLUID GRID DIMENSION (V/): SO D 2D0 3D -

FLOW FIELD MODELED (/):

Laminar TuhuTlntl

BASIC MODELING APPROACH (VI:

P, mil-d:Miting:

THERMAL DRIVER MODELED V/):
Arc Heater Combostor-

Sheck TUbN: Reistance Heater:

F-ATOM DISSOCIATION FROM (/):

Other (spciy):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (1I:

Noril Randary Layas..: Shock Waes

Prsaclions .. henah blokaga):. Turhublnc

Other (specity): 

MODELS EFFECTS ON OPTICAL MODES DUE TO (6I

Media Indne Variations_

Other (sftc-ihl

* per NL_ la a m aM a m a a a a a a a _

I

I



SAIGDCODE NAME L

CODE TYPE: Gasdynamics and Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: (1) To correlate and analyze closed cavity data. (2) To
optimize operating conditions and geometric configurations. (3) To generate gain algorithms for
wave optics analysis. Lasing and chemical kinetics modeling are included. Generates gasdynamic/
kinetic profiles for gain algorithm (GCAL).

ASSESSMENTOFCAPABILITIES: Model has been applied to a wide variety of source flow nozzles and has
correlated the available closed cavity data base well. Utilizes 1-D gasdynamics to model the 3-D
flowfield of source flow nozzles. Includes effects of base pressure. mixing rate and source flow
geometry. Treats expansion plane of source flow as two distinct regions, a base pressure region
and a pure source flow region.

ASSESSMENT OF LIMITATIONS:

OTHERUNIQUEFEATURES: Models HF or DF lasing. Single line lasing is modeled, but multi-line cor-
rections are made to account for photon production at all levels. Utilizes either constant gain
approximation or laser rate equation.

ORIGINATOR/KEY CONTACT:
Name: Kerrv E. Patterson Phone: (404) 955-2663
Organization: Science Applications. Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory U = User, RPI Relevant Publication): (T) HF I aser Subsystem Technologv Assessment
(DARPA Interim Report), Science Applications, Inc.. Atlanta. Georgia. July. 1979. Section 3.

STATUS: Yes
Operational Currently?:

Under Modification?. Yes
Purpose(s): To extend kinetics model to full multi-line capability.

Ownership?: US. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cyber 175

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution rime (Sec. CDC 7600)

Small Job:

Typical Job: 10 - 20 (gasdynamic); S - 5 (kinetics)
Larce Job:

Approximate Number of FORTRAN Lines: 4000 (gasdynamics); 900 (kinetics)



CODE NAME: SAIrGn
I

___ I I _________

BASIC TYPE (/):
Physica1 Optics_Geometnical_..

FIELD (POLARIZATION) REPRESENTATION (AV)
Scalar - Vctor:

COORDINATE SYSTEM (Caresian. cylindrca., etot:.

Compact Region: _ Annular Region..

TRANSVERSE GRID DIMENSIONALITY (I I) 1D
Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED IN/)
Square: .. Ciur Strip:

Rectanguar. Elliptica: _Arbtrary:

CONFIGURATION FLEXIBILITY (v):

Fixed. Single Resonator Geomety:

Modular. Mohiple Resonator Genmetn:_

PROPAGATION TECHNIQUE (Va.II at a-,l:) COMPACT ANNUI-AR

Fresel Intgtral Algodthms:

With Kcmel A-eraging

Gaussin Quaidratu=.:

F.at Fourhr Tnsnone (FFT):

Fast Hankel Trnndfo (FHT):

Gaetoere-Fmn-I-KRIrchhoff (GFK):

Other (spcify):

CONVERGENCE TECHNIQUE it:
Power Comparison FielddCompaions:

Other

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

GAIN REGION MODELED (V):

Compact Region :V A .u.ar ea, t v:

COORDINATE SYSTEM (Catesian. cylindrical. ec.)

Compact Region Ca Annular Region: C

KINETICS GRID DIMENSIONALITY (VI:

ID |2D I3D

Compact Region [IL,
Ane..ar Region 

GAIN REGION SYMMETRY RESTRICTIONS:

Gaie Vary Along Optic A.es?; No FR DireclonT Yes

PULSED: _ CW 0/ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED IV)
{X 0 Y = YX - Y: | |

Cid IF c -2) _ D

HN I(H F2): Chaie(Fc H2&HOF2): V
Other specify):

ENERGY TRANSFER MODES MODELED (v): Refrence
V.T 

0 Cohen & Bott (1976)

V-R:

V-V:

Other

ea Li.ne Model dl 01*
Mu.iline Mode.1 M:

Assumed RotatI.nal Populaion Dirtdbution State (i/)

Equihbrum:None quiibrium

Number H Laser Lnes Modled:

Source l Rate Cefficn Used in Coda:
Cohen & Bott (1976)

LINE PROFILE MODELS (Nt

Doppler BRadeeing: 0'
Collisional B.mdeni..:

GAS DYNAMI

NOZZLE GEOMETRY MODELED (lnd typel i)t:
Cylindrial. Radialy Flwing: v

Rectngular. U.needy fining: 

Oh,,: Source flow nozzles

COORDINATESYSTEM:Cartesian or cylindrical
FLUID GRID DIMENSION (V): ID:-2D: 3D1v
FLOW FIELD MODELED (V):

Lawinar :Turbulent /:

BASIC MODELING APPROACH (v)

Premixed: MInig:

Oe-f¢f Flame sheet aporoach

THERMAL DRIVER MODELED (V):

Arc Heutar Combustor_ _/

Shock Tube: Rist ance Heatar:

F ATOM DISSOCIATION FROM (%/)
F2: '/ SF':

Otherlp(speIy)y: NF3

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:YieS

DILUENTS MODELED: N? He
MODELS EFFECTS ON MIXING RATE DUE TO (/):

NR 1.e BRo..dary L 0y'n V Shok W-.:

Pearactins .theneat Iickagel:Turbul nce 0/
Other (spf cy):

MODELS EFFECTS ON OPTICAL MODES DUE TO (i):
Medi. nid..nved.ait.n.:In flow direction
Other (lpeoyt):

* Pseudo

RESONATOR TYPE (Vi) Standing Wae:

Trunefleg Wa. (Ring): - R.ern TW:

BRANCH (/): Pesitie Negtin:

OPTICAL ELEMENT MODELS INCLUDED (V)
Fiat Miers: Sphercal Minr: 

Cylindrical Mines: _Tebcopes:

Scnper MInor

Auicone Wa.icoat ef.asRicons

Arbitrary:

Linear:

Parabta -Pambta_ H
Veriabta CON O ia.

Other (spcify):

Ddfneabte Mle: .

Other Dements; -

GAIN MODELS (I/): Rae Caty Only:
SImple Satrated GSle _ Doelied GSl: 

BARE CAVITY FIELD MODIFIER MODELS (/):

Ml-r Tin: _ Dcentrtin:

Abenat.ns./Th.-e Dilontoles

flhdivity Lass

DOutpt Couphr Edg: Refled:

Serrated: _h

LOADED CAVITY FIELD MODIFIER MODELS V/):
Medium Index Vaiation

OvNaapped REams:

FAR-FIELD MODELS (V): BRam e Stnng Remxoa :

Optimal Focal Search:_ B...am Quly:

Othe,

_ I 
* with multi-line corrections

- _ M s mm - m M mm M -_
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CODE NAME I

CODE TYPE: Optics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Provide accurate. cost-effective method of linear optical
resonator mode and power extraction analysis and the affect of various design perturbations on
these parameters.

ASSESSMENTOFCAPABILITIES: Provides beam intensity and phase distribution throughout one transverse
dimension in a linear resonator.

ASSESSMENTOFLIMITATIONS: Models only one transverse dimension and does not provide for any cross-
coupling affects that may occur.

OTHERUNIQUEFEATURES. Models linear confocal and non-confocal positive and negative branch
resonators.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone: (404) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLEDOCUMENTATION (T-TheoryUUser, RP= RelevantPublication): (RP) E. A. Sziklas and A. E. Siegman,
Applied Optics 14, 1874 (1975).

STATUS:

Operational Currently?: Yes
Under Moditication?: No

Purpose(s):

Ownership?: U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cvber 175/176

TRANSPORTABLE?: Yes
MachineDependentRestrictions: Has some lines that are CDC FORTRAN dependent.

SELF-CONTAINED?: Yes. except as noted below.
OtherCodesRequired (name, purpose): Requires input from a kinetic calculation or a subroutine to do
gain calculations for power extraction (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job: 200K
2nnk

200KLarge Job:

Approximate Number of FORTRAN Lines:

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

5 - 10

100 - 200

SAI1D

25 - 75

2000



CODE NAME: I SAIlD

[OPTICS i

BASIC TYPE (N/:
Physical Optics: T Gemetice..[_

FIELD (POLARIZATION) REPRESENTATION IV):

Sealer: / Vector:

COORDINATE SYSTEM (Cadesian. cylindoad, *t.):.

Compact Region: Ca Annular Region:..

TRANSVERSE GRID DIMENSIONALITY IV) SD 20

Compact Region: * 8192 P k 
Annular Region:

FIELD SYMMETRY RESTRICTIONS? +

MIRROR SHAPE(S) ALLOWED (v):

Square Cirhclar: Strip: V

Rectaegular: Elliptical: Arbitrry:

CONFIGURATION FLEXIBILITY (V):

Fixed. Si.es Resonate, Gnmetry:

Floed. Multiple Resenator Gometies:

Modular. Multiple Resonator Gnmatdies. 0
PROPAGATION TECHNIQUE (V,/I that ac COMPACT ANNUcR

Fresee Integrl Algorithms:

With Ke..I Anerstng

Gaussian Quadrature:

Fast F.u.,r Tranform (FFT7: I 
Feat Hankh Trendfom (FHTi=

Gardamr-Fmsnel-Kirchhnft (GFK):

Other (Ipenify):

CONVERGENCE TECHNIQUE (Vt:

Power Compeidn: V Field Compeden: 0'

ACCELERATION ALGORITHMS USED?: Yes
Technique: Field and gain averaging

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\):

+ Not accurate for large cross-coupling effects

RESONATOR TYPE(NV): StendingWean: 0'
Traneling W (Hlng) T Rev rse TW e:

BRANCH (Vt: PFodie: Ngsti.y V
OPTICAL ELEMENT MODELS INCLUDED,,$V):

Flat Min on Sphericl Mier

Cylindrical .Min .on'/ Telecopes: 

6creper Miers 

Aelcoes

Arbirary:

Linear

Parebea-Parbele:

Variable Cane Oftet

Other (spcify):

Delarteabie Minor

Spaia Fitte: V Gnaings:

Other Ehmenbt:

GAIN MODELS (V) BRo Caifty Only:

SimpleSaturtedSGe: l. Deailed Gain: 

BARE CAVITY FIELD MODIFIER MODELS (Vt:

MinerTiBt: V/ 0'0.Mio .ht Decentratinn: 1

Abanatoes/Thenna Distoli.s.

Arbitnrry 0
Sefetedlpe.ct): intensity mapping &

IL power bowing

Output CoepItr Edges: Rolled:

SDoated: _Oth

LOADED CAVITY FIELD MODIFIER MODELS (VA&

Medium Index Varition

Gas Abeorption: 0

eeriapped oams: V

FAR-FIELD MODELS (V): Roam Steeing R mov.l Y

Optimal Facet Searh B0' Ram Qu-lHy V

I IW 
GAIN REGION MODELED (V:

Compct Regioe:a _ular .eI.on:...

COORDINATE SYSTEM (Cprtebni. cylindic, etc.)

Compact Region _ Annular Resgon:

KINETICS GRID DIMENSIONALITY (V)

Compact Ragin: 7I1I
Annular Regin|:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Aiong Optic A.el?:._ Fow DircixnY..

PULSED: CW:KKINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V){ X 0Y 2-=YXn.Y tC 
Y g _F I CL L I I,

Cold (F 0H2) D

Hot (HI F2)1:Chain (F O H2 & H F2):

Other (speify):

ENERGY TRANSFER MODES MODELED (V): terence

V-T:

VR_-
V-V: I
Other

Sing Line Model M

Muxilin. Mode . IV):

Ass.m d Rotu6lo..l Populatias Dittibutian State A/):

Equilibdium: Non.quilibnu.m: -

Number lA Lase nes ModHld:

Seance of Rat Coet- chnts Used In Cde:

LINE PROFILE MODELS (/):

Doppler Bmdeing:

CollisinH RI B nening

Other (sptcify):

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (lnd type) IV):
Cylindrical. Radidly Flmiowng

FLUID GRID DIMENSION (VI:D ID .2D :-3D:-

FLOW FIELD MODELED (V):

Laminar Turbulent.

Other

BASIC MODELING APPROACH IV):
Peemmxed:_Mieieg:

Other (Ipecifyt)

References to Appnmch Used:

THERMAL DRIVER MODELED (V):

Arc Hetr______ Combutor

Shock Tube: Restance Heater:

F-ATOM DISSOCIATION FROM IV)
F2:-SF,:

Other (spcify):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:.

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (VI):
Noode Rox.ndary Layn.:_ Shock Waes:

Preati..s (thermal blckg): _ Turbulence:

Other (pecifyy):_

MODELS EFFECTS ON OPTICAL MODES DUE TO IV):

Media Index Vadations___

Othr (pecify):

I I ~~~~~~~~~~~~~~~~~~~~~~I
* with GCAL

_MMM -_ _ _ _ M _ _ _ _ _ _ _
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CODE NAME I SAM20

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Modeling of rectangular linear resonators and optical trains.

ASSESSMENTOFCAPABILITIES: Provides beam intensity and Phase distributions throughout a linear
rectangular resonator system.

ASSESSMENTOFLIMITATIONS: Limited to a combined 2-dimensional sampling ropnlitinn nf RMIg points (64 x 128).

OTHERUNIQUEFEATURES. Models compact unstable confocal (ABLE, MIRACL, MADS, HELWS) resonators.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone. (404) 955-2663
Organization: Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLEDOCUMENTATION:(T=TheoryU User RP= RelevantPublication): (RP) E. A. Sziklas and A. F. Siegman,
Applied Optics 14, 1874 (1975)

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: US.. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): Cyber 175/176

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: Contains some CDC FORTRAN dependent Code.

SELF-CONTAINED?: Yes, except as noted below.
OtherCodesRequired(name purpose) Reguires input from kinetics calculation or a subroutine to do
gain calculations for power extraction options (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) |Execution rime (Sec, CDC 7600)

Small Job: 370K 100 - 200
Typical Job: 370K 200 - 500
Large Job: 370K _ 

Approximate Number of FORTRAN Lines:

'..

-n

2500



CODE NAME: SAI2D

___ I _ I

BASIC TYPE (v):

PhYsical Optics:.LGoometrical:_

FIELD (POLARIZATION) REPRESENTATION (\/)

Scalr: / .ector:

COORDINATE SYSTEM (Ce"nsian, cylindrical etc.):

Compact Region: CL Annular Region..

TRANSVERSE GRID DIMENSIONALITY (I: 1ID 2D
Compact Region NX * NY = 8192 _ /
Annular Region:

FIELD SYMMETRY RESTRICTIONS? NONE
MIRROR SHAPE(S) ALLOWED V/):

Square: / Circulr: Strip:

I/

CONFIGURATION FLEXIBILITY (C):

Fiend, Single Resonator Gom-try:

Flood, Multiple Resonator Geometis:

Modular, Multiplo Resonator G-emetrien /

PROPAGATION TECHNIQUE (a:ll thal aPIY): COMPACT ONNULA

Frasnel Inltgrl Algorithms

With KEmel Aeraging

GaussMn Qeadautre=:

Fast Fourier Tanndom (FF): VI

Feat Hankel Tran..orm (FHT):

Gardenerprsnn-l-Eirchhoff (GFK):

Other (peciy):

CONVERGENCE TECHNIQUE (V):

Powr Compron . . I.eld Compari on: . .

ACCELERATION ALGORITHMS USED?: Yes
Technique: Field and gain averaging

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Peny:

Other

RESONATOR TYPE (I): Standing Wae /
Traeling Wace (Ring): Re-ene TW: /

BRANCH (/): Posf ioevL Negatioe /
OPTICAL ELEMENT MODELS INCLUDED (V):

flat Mirors: / Spherical Mirror s

Cylindrical Mirrn: Z Telsscops: Y

Scrapr Mirn: 

Anicons Waicons Relaicons

Arbitray:

Linear:

Parabola-Pabola:

Variable Cone ODhw:

Other (pcity):

Detormable Minon:/

GAIN MODELS ()R BRa Caity Only:
Simple Saturted Gain: . Dtailed Gain: 

BARE CAVITY FIELD MODIFIER MODELS (/):
Minor - 5: ./ Dentrticn: 

Aberati.nsITha-nmad Ditort.ions:

Arbirary: /

Intensitv maDDino.
R I~ity Less: Vbowi ng

Ontunt Coupler Edgs: Rolled:

Srated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (VI:
Medium Ieden Variation: _ _I/

lOverapped Reams: 

Other

I

FAR-FIELD MODELS (/): Beam Steer ng Remoe.l: /

Optimal Foca Searh : . BReam Quality:

Other

1
* with GCAL

GAIN REGION MODELED CV):
Compect Region: -Annular Reglon

COORDINATE SYSTEM (Cateian, cylindcal, etc.)

Compact Region: Anno-ar Regin.:

KINETICS GRID DIMENSIONALITY (C):

Compact Region:

Ann.lar Regine:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes? fl_ Ow irnotion-t

PULSED: CW: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (I/)

{ 50T2=?ScY)( 1 W rl W I 7 1 gm
To V | 2 = TSX 5 LJ HI B,

Cold (F 0H,) D

Hot (Ho F2):_ Chaln (F - H2 & H - F2 )

Other (Cpcity):

ENERGY TRANSFER MODES MODELED IN/) Refe enc.
V-T: I

Other_:

Single Line Model tv)

Muftiline Model 1V1:
Assum d Rotational Popultion Disrbution State I):

Equilibri.m: Non quilibnium

Numbor of Laser Lnes Modeld:_

Source of Rate Coeficients Used in Cod:

LINE PROFILE MODELS (/):

Doppler Broadeing:

Collisional Bnadening:_

Other (spciby):

NOZZLE GEOMETRY MODELED (and typa) (V):

Cylindrical, Radially Flowing:

Ractangular, Unwedy Flowing:

Other:

FLUID GRID DIMENSION (VI): D 1_2D0 3D:_
FLOW FIELD MODELED (/):

Lamieae:.Turhulenl:

BASIC MODELING APPROACH (/):
PO ai tyd: _ Miing:

Oth., (.piciy)-

Ref ..nces Ir Appenach Ued:

THERMAL DRIVER MODELED (\/)
Arc Heater:_ Combustor: 

Shock Tubo: Resisltnce Heaer 

ONh.,

F-ATOM DISSOCIATION FROM (/):
F2 _SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 
DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (t):

No.e.e BRundary Lay-rs Shock Wa-es

P-e-actions (therml blockage): . ..T.lenc:

Other (pcity):

MODELS EFFECTS ON OPTICAL MODES DUE TO (v):
Media Ieden Variations..

Other (specibt

aW_ m f l _l n aa mmm a

U

-

I

L |

I

0

I
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CODE NAME: I SulS

CODE TYPE: Optics and Kinetics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: (Son-of-Spike): calculation of pulsed HF and DF chemical laser
performance.

ASSESSMENT OF CAPABILITIES: Calculates solutions to coupled thermodynamic. chemical kinetic, and radiation
transport equations for pulsed HF and DF lasers. Utilizes comprehensive model of chemical kinetics
and includes rotational nonequilibrium. Treatment of rotational nonequilibrium allows very short
computing time.

ASSESSMENTOFLIMITATIONS: Restricted to Fabry-Perot cavity.

OTHERUNIQUEFEATURES: The existing code is strictly a oulse code. Hence there are no flow-field
features that are pertinent. However, a modification to be known as GSOS (Grandson-of-Spike) is
now being debugged which will incorporate the DESALE-5 mixing model into SOS. The result will be an
efficient CW code with rotation nonequilibrium.

ORIGINATOR/KEY CONTACT:
Name: Orig: J. Hough;Contact: M. Epstein Phone: (213) 648-6861
Organization: Aerophysics Laboratory. The Aerospace Corporation
Address: P. 0. Box 92957, Los Angeles, California 90009

AVAILABLEDOCUMENTATION:(T=TheoryU = UserRP= RelevantPublication): (T) "Efficient Model for HF Lasers with
Rotational Nonequilibrium." J.J.T. Hough. Aerospace Corporation. Rpt. SAMSO-TR-78-79, August 15, 1978;
(U) "SPIKE: A Computer Model for the H2(D2) + F2 Pulsed Chemical Laser", J.J.T. Hough, Aerospace
Cnrporation, Rpt SAMSO-TR-78-R4 April 14 1978. (T) "A Reveiw of Rate Coefficients in the H - F
Chemical Laser System Supplement (1977), Aerospace Corporation Rpt. SAMSO-TR-78-41, N. Cohen K £

June 8, 1978.

STATUS:

Operational Currently?: Yes
Under Modification?: Yes

Purpose(s): Extension to CW case.

Ownership?: Aerospace Corporation
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CDC 7600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Teme (Sec. CDC 7600)

Small Job: . 30
Typical Job: 6K 60
Large Job: 300

I-.

P-n

Approximate Number of FORTRAN Lines; 3200



CODE NAME: I

BASIC TYPE (/):
Physical Sptic.._ Gemrtnical: I/

FIELD (POLARIZATION) REPRESENTATION (VI:
Scalar: t/ Vector:

COORDINATE SYSTEM (Cartesian. cylindrical. etc.):.

Compact Region: CLA Annular Region -

TRANSVERSE GRID DIMENSIONALITY (IV ID 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (/):
Squr: - Circular: _ _tp

Rectaegular:_ Elliptical: - Arbifary

CONFIGURATION FLEXIBILITY (\/)

Filed. Single Resnetor Geomolry: V

Filed. Multiple Resonator Gnmetin:_

Medular. Multiple Resonator Genmetin-

PROPAGATION TECHNIQUE (,/., -,ar xppr): COMPACT ANNULA

Fresnel Intgural Algunithms:

With Kerel A-eagieg

Gaussian QOandr.tun.:

Fast Foxrer Trnsorm (FFT):

Feet Hankel Tnndfom (FHT) _

Gard.ner.Fn.eel-Kichheff (GFK):

Other ysp:cly_

CONVERGENCE TECHNIQUE (I:
Powr Comperise: feld Compedon:

Othar

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM: (V):

RESONATOR TYPE (i) Standing Wane:_

Tracling Wa-e (Rin.g): _-R.-e TIN:

BRANCH (/): Po.elo Nepgtio:

OPTICAL ELEMENT MODELS INCLUDED (/):
Flat Miror I/ Spherical Miror

Doraper Mirrers_

A ico..

Arbitary:

Linear:

Parabela-Parabeta:

Vardabl Con Oftst

Other (spify):

Deformab Mimwn

Spatil Rftte Gratings:

Other Elemet _I

GAIN MODELS (Vi) Bnm Cotvy Only:

Simpl Sat-uted GRle: . Detiltd Sal:

BARE CAVITY FIELD MODIFIER MODELS (/):

Aberra .. /Thmt tl DiStottipm:

SDted (sp.Ify):

R11etinity Lns:

ODtpui Coupler Edgo: Rolld:

S.rtd: ODther

LOADED CAVITY FIELD MODIFIER MODELS (/):
Medium Ilden Variatins:

Doerippd Bi..ams:

FAR-FIELD MODELS (N): Roam Steering Remoal:

Optmal Fxcl Seach: ..Ram Qualify

Other

GAIN REGION MODELED (A/):
Compact Region: t .. nnbr Region:

COORDINATE SYSTEM (Caean. cyllndnic.1 etc.)

Compact Regin Ca Ann.Ilar Region

KINETICS GRID DIMENSIONALITY (3/t

Compact Regine:

Annulr Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Al.ng Optic does?: .NO... Dircion No

PULSED: JCW: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED

f X n 2 - TX osf F|C B 
{Vy 2Y: X.X H t 

Cold IF *H20 t

Hot (H 0 F): t/ Chaln IF OH 2 g H n F2; ) 0
Oih.r ( p-if

ENERGY TRANSFER MODES MODELED (\) Relerance

V-R 0'
V-V: 0'

Other

Single Li.n Medel M

Mxqili.e Modal. t/: /

Assum d Rotanal Populatixe Ditrdbuti.o State (\/)

Equilibdum.. Nonquilibrim 0'
Number xf Laser linen Med.Ied 1 5(

Sence of Rote C-wicliets Used in Codi N - rnh.^pn,

SAMSO-TR-78-41, June 8, 1978.

LINE PROFILE MODELS (/):

Doppler B.adanieg:

Colisinal .IBwdenig:

NOZZLE GEOMETRY MODELED andtype) (Vt) None
Cylindrical. Radia fowing:

Rectan.uc.& ULinearly flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (VI ID _ 20 _ 3D:
FLOW FIELD MODELED (V):

Laminar: Turbulent:

BASIC MODELING APPROACH (Vi
Premi.d: Miting:

Other spetcify):

Relerneces for Appoach Used:

THERMAL DRIVER MODELED (/):
Arc HtaterCombudtur

ShckTcbe:_Rristan.e Heater:

Oth-r

F-ATOM DISSOCIATION FROM (/):
F2 _SF,:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:.
DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (/):

Norde Ro.ndary Layes: Shock Waves:

Peratix eths -Ihermal bikcage:).Turb..ence:

Other (spcify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (AI:
Media Iinde Vardations-

Other (sf ct yy):

I I~~~~~~~ I

_ M M M M -M M M
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CODE NAME: I

CODETYPE: Optics, Kinetics, and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Performs 3-D wave optics resonator analysis of a positive branch
confocal unstable resonator with rectangular spherical mirrors.

ASSESSMENTOFCAPABILITIES: Power extraction from an active DF medium. Off-axis geometry configuration.
Apertures at all stations. 3-D plot capability. Kenetics and mixing calculations are performed with
AEAOKNS. (See AEROKNS for additional details).

ASSESSMENTOFLIMITATIONS: No misalignment model. No Farfield model.

OTHERUNIQUEFEATURES: Resonator geometries modeled: positive branch unstable confocal linear
resonator with rectangular spherical mirrors. Off-axis geometry capability.

ORIGINATOR/KEY CONTACT:
Name: Victor L. Gamiz Phone: (213) 884-3346

Organization: Rocketdvne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California (91304)

AVAILABLEDOCUMENTATION:(T=TheoryU = UserRP= RelevantPublication): (T) High Power Testing of Optical Components
(HIPTOCN Technical Proposal. Part III, Appendix B (V. L. Gamiz).

STATUS:

Operational Currently?: Yes

Under Modification?, No

Purpose(s):

Ownership?: Rocketdyne
Proprietary: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job: <250K 100

Typical Job: <250K 500-1000
Large Job: <250K 2000

Approximate Number of FORTRAN Lines: 8000

* 3-D Loaded Cavity Linear Resonator Code



CODE NAME: r
BASIC TYPE (V):

Physical ptics: . Gecmetrical:_

FIELD (POLARIZATION) REPRESENTATION (I/):
Scaler: J V.ector_

COORDINATE SYSTEM (Can texan. cylinddcal. tc.):

Compact Regicn: CLa Annubr Reglon -A

TRANSVERSE GRID DIMENSIONALITY (i/i ID 2D
Compact Region:

Annular Rgion_:

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (/):

Sq.-r i/ Circulr: Strp:

Rectangu~lr: t/ EllipticMl: .- Arbitrary:

CONFIGURATION FLEXIBILITY (v1):
Fiend. Single Resonator Gsmotry t/

Fined. Muhiple Re-onatur Gesmetd-ts

Modular. Mutiple Resonator Gemetde_

PROPAGATION TECHNIQUE pe:: orat aCppci: conrACT ANNU"A

Fresnel Integral Algorithms

With KEmel A-eraging

Gaussian Quadralre:

Fast Fourir Tansorm (FFt): I
Fast Hankel Tnndrmm (FHTT)

Gardara-mFxrnnl-ilrchhot (GFK)E:

Other (specity):

CONVERGENCE TECHNIQUE (I/):
Power Comparinxn: - Field Comparisen:......

Other

ACCELERATION ALGORITHMS USED?: YFsC _
Technique: Mirror Edge Tapering.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/:
Proxy: N/A

E

RESONATOR TYPE (V/): Stnding Wuen
Travling Wan (Ring): X/ R..e.ee TW:

BRANCH (/): Posnite: N.egati-e

OPTICAL ELEMENT MODELS INCLUDED IV)
Filt Mirr:-n Sphedcdl Mirrors
Cylinddcal Mi-or: - Telscxpa:

Scrapebr Minors

Aultcos Waxicoes Refleolce

Arbitray:

Linear

P.rabel.-Parabel*:

Vardabl Cane Ofitet:

Other (sptcify):

De -oenable Mior:

SO atial Fi llara _ Orx5S...

GAINMODELS(6 BRo-Cay Only:
Sinpla Sat-uted Gale: - Dtaiteld GaIe: t

BARE CAVITY FIELD MODIFIER MODELS 0e):

Misr TR...- -Dcmtnrtno

Abe natinn/Thetmmal Distrtlenen

Seilcted (spely):

Retfectinity Less: /

Output Coepler Edges: Reld: _ _ __

Serrated: _ _th_ _

LOADED CAVITY FIELD MODIFIER MODELS (V/):
Medium Inden Vainatlee: Y

Gax Absorptiin

FAR-FIELD MODELS (V/): Ram Steeidng Remonal:
Optimal Focal Serch: . Beam Qealy

Other

AEROKNS

GAIN REGION MODELED (V)
Compact Region: ...... Annubar Region: 5

COORDI NATE SYSTEM (Crtesan. cylindcal, etc.)
Compact Region: Annular R1gi.n0 CY

KINETICS GRID DIMENSIONALITY (VI:

Compact Regin: _ _ _

Annular Rglan: ,/ _ _111
GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Aleng Optic A-es?: Flow Direti.n?.r _/

PULSED: CW: ' KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED I/):

X |: Y 2 } = Xy y LF|C Br| |~Y' X2=YX t X H' t 

Cold (F 0H2) v/ D

Hot (H I Fy): _t/ Chain (Fe H2 & H c F2) _ '

Other (spcify):

ENERGY TRANSFER MODES MODELED (V): Reycec

V-T / n
V-R:

V-V. ohen
Other

Singi uLe Model i i:_

Muhilin- Model i(v): t

Assumed Rotatinnl PoptaItien Distibution State (I):

Equilblum- V Nneqxillbri-m_

NumberLaseru Lines Medeli d 12
Soercoote Cffoiies rd.Usedincode .c f .Handbook of
Chemical Lasers.

LINE PROFILE MODELS (I:
DeppeBro-mainJg _

Colliinal .Imadening t/

Othec (spcity):

NAMICS
NOZZLE GEOMETRY MODELED (and fype) (I4:

Cylindricl. Radially Firing: _

Rectangular. ULneady Flowing:

COORDINATE SYSTEM: Cy
FLUID GRID DIMENSION (VI: ID: t/ 2D. 3D_ _

FLOW FIELD MODELED (V):

Laiminar: Turbubn.

Other Scheduled mixing.
BASIC MODELING APPROACH (/):

Pr mR-...d Mixing: I

Oen.r (specify):

R.f,..nctoAppachUs.d: ALOS Final Report

THERMAL DRIVER MODELED (/):

Arc Heter Combuto,:r

Sheck Tnbe:-Reistnce Heater:

Other Not modeled.
F-ATOM DISSOCIATION FROM (V):

F2: I/ SF,: v

Other (specay) NF3
F-ATOM CONCENTRATION DETERMINED FROM MODEL?: *
DILUENTSMODELED: He. N2
MODELS EFFECTS ON MIXING RATE DUE TO (VI):

Nordae Rondary Layes:.. Shock Wa.n:

Premactins (thermal biocbkae): _ TurbuIc:

Other (spfcyy):

MODELS EFFECTS ON OPTICAL MODES DUE TO (IV):
Media Indne Variaions: 

O ther ( p ecity) _

I I I

* Uses equilibrium thermochemistry

_ m mm - m -_- - m m - - -_ _
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CODE NAME I TDWORRC*

CODE TYPE: Optics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Performs 3-D wave optics resonator analysis of a cylindrical
annular ring laser resonator in either two reflaxicon or two waxicon beam compactor assembly.

ASSESSMENTOFCAPABILITIES: General geometry specification; i.e., positive or negative branch, arbitrary
scraper location, analytical gain model. Mirror misalignment, mirror misfigure, mirror thermal
distortion models, struts. Ray distribution beam compactors.

ASSESSMENTOFLIMITATIONS: Half-plane symmetry. No cross-slit filter model. One V-T transition operation.

OTHERUNIQUEFEATURES: Resonator geometries modeled: unstable ring resonator with: PPTANH reflaxicon -
or waxicon beam compactor, negative (spatial filter) or positive branch, self-imaging scraper
geometry. '180 beam rotation at scraper.

ORIGINATOR/KEY CONTACT:
Name- Victor L. Gamiz Phone: (213) 884-3346
Organization: Rocketdyne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION (T=Tbeoy.U = User (P= RelevantPublication) (T) Simplified 3-D loaded cavity resonator
code - Nov 1978, G-O-78-ll23; (T)blJ) 3-0 bare cavity resonator code.

STATUS:

Operational Currently?. Yes
Under Modification?Y Yes

Purpose(s): Oetailed checkout.

Ownership?: Rocketdyne
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: No
Machine Dependent Restrictions: Uses extended core.

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job; <250K 100
Typical Job: <250K lO CDC 176
Large Job: <250K 2000

Approximate Number of FORTRAN Lines: 8000

*3-D Wave Optics Ring Resonator Code

I-
(-t

3-I



CODE NAME: F
____ I____________

BASIC TYPE (V):

Physical Optic: G...metrical.._

FIELD (POLARIZATION) REPRESENTATION IN/)
Scaler: . Vector:

COORDINATE SYSTEM Cnsian. cylindrcal. ec .):

Compact Region: CY Annular . e.Io, ..: CY

TRANSVERSE GRID DIMENSIONALITY IN D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?Hal f-pl ane sy-
MIRROR SHAPE(S) ALLOWED IV/): mmetry.

Squar.._ Circubr: Stip:

Reotanguler:.... Elliptical: Arbirnry:

CONFIGURATION FLEXIBILITY (v):

Fiend. Single Reonator Gomtry:

Flxed. Multiple Resonator GSemetds 0
Moduolr. Motiple Resonator Gmpmetim:

PROPAGATION TECHNIQUE MaM: sat eppl: COMPACT V-uL.A

Fe.nel Integrl Algoithms:

With KEmel Anergieg

Gaussian Quadrature:

Fst Fourhe Tndsfom (FFT):

Fact Hunkha Transo (FHT _)

Garde.er-Fnnn-l-Klrchhff (GFK):

sener (!PeccYl:_____________________

CONVERGENCE TECHNIQUE (VI
Power Cmpise: drn Field Compdren:

ACCELERATION ALGORITHMS USED? No

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(/):

Proy: /

Other

RESONATOR TYPE (/): Standing W.e:

Tranling Wa. (Rig): '/ R.-ener TW:

BRANCH (VI: Ponuinve /..Negatie I/

OPTICAL ELEMENT MODELS INCLUDED (iV):
Flat Minon V Sph-ncal Mino I/

Cylindrcal Mines . T etIcnpe: 

Scnpe, Miners /

hAoicoes

Arb~rary:

Linear

Parab h-Prbeob:

Varable Con. Offst

Other (pecifyl) PPTANH

W..icons |Rfl..icon,

1 1

v 1
I / I I/H

Def -mabit Minoe

Spatial Flil.kn V Grating.:

Other.,ement 180° Beam Rotator.

GAIN MODELS 116 BRow Caty Only:
Simple Samuntd n . I/ DL gId Gale:

BARE CAVITY FIELD MODIFIER MODELS
Minr TIN: D cwntion: 0
Abenatiem/Thena Ditortions:

Adnbrry:

Selectd (spcitY):

Re "tecly Les: 

Output Couphr Edges Beltd:

Serted: Oth r

LOADED CAVITY FIELD MODIFIER MODELS IV)

Medium Iden Vabinon:

Unedbpped Bsems

FAR-FIELD MODELS VN/): B.em Starng R.- ,a 

Optimal Faxat Soawh: v B-. Qu.tyR o

GAIN REGION MODELED (V): None
Compact Regin: A...Innubr Rglan:

COORDINATE SYSTEM (C.rtman. cylindrical. .t.)

Compact Region:_ Anna.Ir Region:

KINETICS GRID DIMENSIONALITY (V):

Compact Region _ _ _

Annular Bagien___

GAIN REGION SYMMETRY RESTRICTIONS:

Gale Vary Along Optic omt?: - Flow DIrctlont?

PULSED: - CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

|X Y2 YX 5 [Y 7| F I Cl I Br

Y |x2 YX: : I H _ _ 1
Cold IF n H2): _ D 1
Hot (H F2): _ Chaln IF OH 2H H e F):

Other (Ipacayl

ENERGY TRANSFER MODES MODELED (V): ReIaree

VT _

VR_

Other _

Singe LcUe Model A/)

Muliifne Mode i M/:

Ahsuned Rotatinal Populdtix Dirtrbution Stte AI5i

Eqauilibruim: _ N. xquilibrium-

Number of Laser ULns Modeld:

Sore of Rote Coeficat Usd In Cde:

LINE PROFILE MODELS (V):

Dowpplr Badening:

GAS DYMICS

- NOZZLE GEOMETRY MODELED (lnd type) (VI: None
Cyllndrical. Radially Flowing:

Rectngular. Uneady Flowing:

FLUID GRID DIMENSION (i
1

/ SD ID: 2D :-3D

FLOW FIELD MODELED IV):

Laminar Turbuelnt

BASIC MODELING APPROACH (V):

Premixed:_Mixing:

THERMAL DRIVER MODELED (VI1:

A. Heater Combuster

Shock Tube: _ Rsistanc Hster:

F-ATOM DISSOCIATION FROM (VI)

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:_

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):
NoAte Bo.n.dary Laye.. Shock Waves:

Penmannna. (thermat locakg.):_Turbuie.ce:

Other (spchy):

MODELS EFFECTS ON OPTICAL MODES DUE TO (/):
Media Indes Varitines

Other (spcay):

I I I~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CODE NAME I TMRO

CODETYPE: Optics. Kinetics. and Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Version of MRO for toric resonators (TMRO).

ASSESSMENTOFCAPABILITIES: M'UUlb L-U mIoU Io Ut ttO It 1 

wave resonators. Provides economical screen code for CRO0.

El, ,- _.O... 1 -r.lne lklr -vix-r Proidec -t1v a mnrod whichASSESSMENT OF LIMITATIONS: CU Ol. lT.Ia n- .. dl. - ......
has the same geometric optics properties in the gain region as CROQ.

OTHER UNIQUE FEATURES: Toric resonator modeled.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock Phone: (213) 535-3484
Organization: TRW DSSG
Address: RI/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION (T =Theo U = User RP= RelevnIt Publication): (T): none; however, the BLAZER and MRO codes,
1June 78 (TRW), contain muchl information; (U): none, but nearly same as MRO (use BLAZER user manual,
November 78). Listings available.

STATUS:

Operat ?: Yes
Yes

------ h1. For ACLOS Program. TMRO being modified for rotational noneguilibrium and anomalous
dispersion description.

Ownership?: Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): CYBER 174 TRW/TSS
AFWL CYBER 176, NOS/BE

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: COC

SELF-CONTAINED?: No

OtherCodes Required (name, purpose): VIINT, KBLIMP, Monte Carlo, ALFA

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

151K

Core Size (Octal Words) I Execution Time (Sec, CDC 7600)

_ 400

Large Job:

Approximate Number of FORTRAN Lines:

2:

rig

-

-I

Iti

Small Job:

Typical Job:

..- 1-1 - . - -- .-- �_ I. - __ -- r- I +-4' �4- - �+..Aq-
c ur CUrlTUCd I LUI' 16 1 1 IIU Up a LUIIU ] IIU
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CODE NAME: I TMRO

________ I I

BASIC TYPE (v\):
Phrsicel Optics: 1/ Gomerical:._

FIELD (POLARIZATION) REPRESENTATION (v):

Scalar:2. r Voclor: 

COORDINATE SYSTEM Caesian cylindrical. etl:

Compact Region: Annular eegjn CVy

TRANSVERSE GRID DIMENSIONALITY (V/: ID 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: L0

MIRROR SHAPE(S) ALLOWED (i/):
Sqtuare .Crcutar / Stip:

Rectangoler:. Eliptical:_ Arhitrary:

CONFIGURATION FLEXIBILITY (v);

Modular, Multiple Resonator Geometies

PROPAGATION TECHNIQUE -Va:: 0.al xcclci CoWPACr ArUsU

Frotoel Iotogral Algorithms:

With Kre-l Aunraging

Gaussian Quadretur: (Modified) 0'

Felt Fourier Tranform (FFT):

Fast Hank.l Transorm (FHT)i

GerdernrFr.s.el girchhoh (Glr:

Other (spcify):

CONVERGENCE TECHNIQUE (V):
Power Cumparison: V FieId Comparison:

ACCELERATIOPI ALGORITHMS USED?: No
Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:( ):

RESONATOR TYPE (V): Standing Wane:

Tra-.ling W-ee (Ring): Re..rs. TS:

BRANCH (I/): Positi-e ./ Nxcati-: 0'
OPTICAL ELEMENT MODELS INCLUDED (VI:

Flat Minors Spherical Minors

Cylindrical Minor: Tel..copes

Scraper Mirro:

Acicoes Wel.co-s Rtlanicon

Arbitrary:

Linear

P.. boM -P..b.la =

Variable Cons Offt:

Other (specify):

Deformabl Mino:_

Other Elements: Toric mirrors.

GAIN MODELS (V/): are CAhy Only:

Simple Satuated Gale: . Detied Gain: v

BARE CAVITY FIELD MODIFIER MODELS (V):

Abeahons/Theeal Distortions:

Arbitran:

Slected spcify):

RBfictiity Loss: 

Output Coupler Edgrs: Roiled

Sented: Other

LOADED CAVITY FIELD MODIFIER MODELS (/):

Medium nInde Varation: 0

M.,rapped Beams:

FAR-FIELD MODELS (/): BRom Steenng R.moul:_

Optimal Focal Sarch: B...am Quality a

GAIN REGION MODELED (0:

Compact Region _ Annular Regio.n 

COORDINATE SYSTEM (Cartesian. ylinidrical. et)

Compact Rgion: _ An..ar Region: CY

KINETICS GRID DIMENSIONALITY (VI)

Coetic Region _

An..d:, RgJn:dn / 

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic A.y.?. No Fiow Direction? Yes

PULSED_ CW ' KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (v):

yt Y: = YXI B,1 1 1i

Cold IF tH2)'/_ D|

Hot (H t F2,): Chein IF O H2 & H F
2

):

Other(lpcify): NF3

ENERGY TRANSFER MODES MODELED (v): Rference

V-T: I BLAZER and MRO

V.V: vI

OtherRR with ACLOS rot. non-egulib.

Single Une Model v.). _ model.

Mutiline Mod. IVi: ( r

Assumed Rotational Population Ditribution State (14:

Equiuiihbdum..m:_ Non eqilibribum :

Number of Laser Lines Medel: 24

Senc of Rate Conticients Ud inCod- hi nhPn

LINE PROFILE MODELS (/):

Otharisperty): nnPraltion at line cent r.

|GAS DYNAMICSI

NOZZLE GEOMETRY MODELED (and tyPe) (V):
-;-indrical R diallvFlowin 0'

Rctanguilr. Linnadiy Flowing:

Other

COORDINATE SYSTEM: Cy

FLUID GRID DIMENSION (V/I SD . 2D _ 3D5

FLOW FIELD MODELED (NV)

Laminar .. Turbl-nt:

Oth-r: Scheduled mixing.

BASIC MODELING APPROACH (VI:

Premied:_M~i-n:_

thern(pocify): Scheduled mixing.

ReerecesforAppachused:BLAZER and MRO.

THERMAL DRIVER MODELED (I):
Arc Heeter Combudor:..

Shock Tube:_ Resistance Heater:

Other

F-ATOM DISSOCIATION FROM (/):

Other (spscify): NF 

F-ATOM CONCENTRATION DETERMINED FROM MODEL? Y:e

DILUENTS MODELED: He. NA. CF4
MODELS EFFECTS ON MIXING RATE DUE TO 06i:

NoAt Boundary Lyes.. Shock Wanes

Peractions (therme- bIockage.) Turbulen.e:

Oth.(,pecify): Scheduled three stream:
fuel, oxidant, mixed.

MODELS EFFECTS ON OPTICAL MODES DUE TO (/):

Media Index Vadati.ons: 0
Other (spocify):

* in the mixed stream

_ _ _ _ _ M W _ _ _ _ _ _ _ _ _ _ _ W

vmoca. .... ...ll ......l

I

I

I
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CODE NAME [ TWODNOZ

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Calculate nozzle flow including boundary layer and inviscid
core analysis.

ASSESSMENTOFCAPABILITIES: Can calculate two dimensional or axisymmetric nozzle flow. Uses local
similarity boundary layer solution coupled with inviscid core solution.

ASSESSMENTOFLIMITATIONS: Does not calculate boundary layer profiles as presently formulated.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: D. Haflinger/P. Lohn Phone: (213) 536-1624
Organization: TRW DSSG
Address: RI/1038, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (T) None.

STATUS:

Operational Currently?: Yes
Under Modification?

Purpose(s):

Ownership?: TRW
Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job:
Typical Job: 40K
Large Job:

Approximate Number of FORTRAN Lines: 1l

Core Size (Octal Words) I Execution Time (Sec. CDC 7600)

I 1U

000

-E

I 



CODE NAME: I
I

BASIC TYPE (V): None
Physical 0ptics-_G..metricl: _

FIELD (POLARIZATION) REPRESENTATION (V):
Scelar: _ Vector_

COORDINATE SYSTEM (Caesian cylinddrcal. etc.):

Compact Region: _ Annular Region:_

TRANSVERSE GRID DIMENSIONALITY (/): 1D 2D

Compact Region:

Annuhlr Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (/):

Rectengular:_ Elliptical: - Arbitrry:

CONFIGURATION FLEXIBILITY (v):

Fined. Single Resonator Goretry:

Fied. MuIlple Resonator Gesmetrins :

Moduhlr. Multiple Resenator Geceties:

PROPAGATION TECHNIQUE ( .ac t c -o o) CFc PAc T NNULA

Fresnal Integrl Algothrme:

With Kneel Aenging

GSatlen Qeadrter:

Fast Fcurier Tansform (FFT:

Fast Hankel Transfrm (FHT):

Garidne.r Fsn.l-Kinhhdf (GFK):

Other (!Ppcify)

CONVERGENCE TECHNIQUE (V:)
PFwer Compadirn:_ Field Compadse:

Other

ACCELERATION ALGORITHMS USED?:

Technique:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

___________ I � I

GAIN REGION MODELED (%): None
Compact Region: An..nular Region:

COORDINATE SYSTEM (Canti.n. cylindical. tc.)

Compact Region: Ann.lar Region:

KINETICS GRID DIMENSIONALITY (VI:

Compact Region: _ _ J
Annular Begin,:

GAIN REGION SYMMETRY RESTRICTIONS:

GSn Vary Along Optic Ah ..? - Flow Dircfon't..

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

Cold (F H,) D

Hot (He F2 ):- Chaie IF H2 a H F2 ):

-t.r o -ih

ENERGY TRANSFER MODES MODELED (V/): Reference

V-B:

Other:

Single Une Mode (l/)

MuOilixe Mdel. IV):

Assumed Rotational Popultion Ditrdbution Sate (V/:

Equilibium:.. Non quilibidum

NBmber ot Laser Line ModV d:

Scurce of Bate Coeftlnets Used in Code:

LINE PROFILE MODELS (/):

Doppler BRmdening:

Collisional BRd..ening:_

Other, spcy):_

I GAS DYNAMICS i

NOZZLE GEOMETRY MODELED (and type) (/):

Cylindrical. Radially Flowing: 0
Rectangular. Lineady Flowing: 0

COORDINATE SYSTEM: Cart/axisymietric
FLUID GRID DIMENSION (X) ID 2D T/ 30
FLOW FIELD MODELED (VI:

Laminar: Y Turhulent:

Other:

BASIC MODELING APPROACH (1/)
POthe Id: p Miiifg:

Oth., (,p-cib)-

Reterences tar Approach Us: 

THERMAL DRIVER MODELED (VI:

Arc Heater: Combustr____

Shock Txbe. R. istanc. Heater:

Other

F-ATOM DISSOCIATION FROM (/):

F2 :SF,:

Other (pecifb)

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 

MODELS EFFECTS ON MIXING RATE DUE TO (I):

No.-I. Ro..dury Lynr. Shock We.s:

Pnactions (thermal bIokage.) _Tarbu.Ic:

Othr (spcify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (I):
Media Inden Vadations:

Other Isecib)

PTICS None
RESONATOR TYPE (V): Standing Wave

Traveling Wane (Ring): - R. . rs TW:

BRANCH (/): Pesiti--eNegti-e

OPTICAL ELEMENT MODELS INCLUDED (/):
Fiat Minors Spheical Minor

Cylindical Minors: Telmcpe:

Scrper Minos

Ahicoes Waxicons Retlaxicons

Arbitary:

Linear_Parabela-Pabl:_ H
Vardabl Cone 0fire:

Other (specify):

_ Dfdrmable Mir:

Spatal Filkte: Grtings:

GAIN MODELS (V): Bro C aty Only:

Simple Saturated Gan Deild Gain:

BARE CAVITY FIELD MODIFIER MODELS (V)

Minor nn0: .Dacntraotin:

Ab-atiuons/The--al Ditortions:

RBfiectinity Less

Output Coupler Edge: Rolld 

Seated: Other

LOADED CAVITY FIELD MODIFIER MODELS (N/)
Medium Index Va.,idn:

Oneriapped Beams:

Other

FAR-FIELD MODELS (V R) am Steering Remooal _
Optifm Focal S arch: _ B....Roam Q y

Other:

U I ~~~~~~~~~~~~~I

- m - m _ m m - m m _ _ m - - _
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CODE NAME I

CODE TYPE: Optics

PRINCIPAL PuRPOSE(S)/APPLICATION(S) OF CODE: Models cylindrical lasers with arbitrary axicon (except noneverting
waxicon). Bare resonator code which determines mode control and beam quality.

Unstable Resonator with Internal Non-Linear Axicon (URINLA2).

ASSESSMENTOFCAPABILITIES: Computationally accurate, uses full OPD matrix treatment of axicon, very

flexible for design.

ASSESSMENTOFLIMITATIONS: Computationally slow, number of Gaussian points and Fourier components
limited by large core storage capability on CYBER 176. Half plane symmetry required for misalign-

ments. i.e.. all decentrations colinear, all tilt axes parallel, and at 90° from decentration
direction.

OTHERUNIQUEFEATURES: Resonators modeled: HSURIA, "HSURIA" with toric back mirror, or TURIA. Models
H-H and H-P reflaxicons and waxicons, P-P reflaxicons, tip unloaded axicons, and variable magnifica-
tion aciconY

ORIGINATOR/KEY CONTACT:
Name: onald L. Bullock Phone (213) 535-4384
Organization: TRW DSSG
Address: Rl/1162, One Space Park, Redondo Beach, California 90278

AVUILABLEDOCUMENTATION :T=Theory.U=User, RP-RelevantPublication): (T'i: Annular Laser Mode Studies Final Report;
(U): Program URINLA2 User Manual, June 1978; Listings available.

STATUS:

Operational Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): AFWL CYBER 176, NOS/BE

TRANSPORTABLE?: With modification
Machine Dependent Restrictions: CDC only

SELF-CONTAINED?:

Other Codes Required (name, purpose): Yes

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:
TypicalJob: 136K (SCM), lOOK (LCM) 1800
Large Job:

Approximate Number ot FORTRAN Lines: 2000



CODE NAME: I URINLA2

BASIC TYPE (V:
Phyical optics- TGV ometricai:_

FIELD (POLARIZATION) REPRESENTATION (VI
scaiar: ./.. VnclO,:

COORDINATE SYSTEM ICaresian cylindical 11:

Compact Region: CY annular . egioe L CV

TRANSVERSE GRID DIMENSIONALITY IV) i 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: Half-plane.
MIRROR SHAPE(S) ALLOWED (V):

Square Ci: l- V Snip

Retaegular:. EliptIca: arbrary_:

CONFIGURATION FLEXIBILITY (VI:
Fixed Single Resonator tGmetry:

-- d ...... O.. ......... --o e /

Modular, Muitiple Resonator Gecntries:

PROPAGATION TECHNIQUE -Vo:: ccoc applc): COoPACT cssULA

Frenel Integral Algurithbs=

With K.eel Anereging

Gaussian Quad.rture-

Fast Fo.rir Trasshoce (FFT:

ast Hankel Transform (FHT):

Garidnnr-FrnnelKirchhboh (GFK):

Other Ispenify)_

CONVERGENCE TECHNIQUE IV)

Power Cmpa .on: FieldCComprison: 

ACCELERATION ALGORITHMS USED?: Yes
Techeiqen: Aitken*

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Pron:

Other Aitken
*(Cf. The Algebraic Eigenvalue

Problem, J. H. Wilkinson, Oxford
(1965). D. 0 781

RESONATOR TYPE (V): Standing Wane: _

Tranelieg Wane (Ring): _. enere TW:

BRANCH (Vi P..iti___ / Ngt _

OPTICAL ELEMENT MODELS INCLUDED (V):

flat Minonr: SphbnicMi Mirror

Cyleindicul Ml-ino .Tlescope 

Scraper Minors:

Axioxes

Arbitrary:

Linear

PabbParabel-Prea:

W..ic ... Refl.ic ...

v /

I/

TI n i

Vadable Coce Oftl:

Other (pcify):

Detormable Minos:

Spatial Fiters: Grtings:

OtherElemeets: H-H & H-P reflaxicons
and waxicons; P-P reflaxicons. rear
cone or flat

GAIN MODELS (VI Rar C-vib Only:

Simple Satuated Gain: - Dtaiied Gaix:

BARE CAVITY FIELD MODIFIER MODELS (V):

Minr, TA: / D.aeentratiue:

Abnai.on.. /Thn.m. Dit.rtiens:

Selected(speify) Aberrations only.

RoteitiNriy Loe:

Output Coupler Edge: Roiled:

Sented: - Other

LOADED CAViTY FIELD MODIFIER MODELS (V):
Medium Index Vsdation:

Gas Absorption:

Other

FAR-FIELD MODELS (n) BRam Steering R.mov l /

Optimal Foca S-arch: B...am Quality: /

I _____________ I __________

GAIN REGION MODELED (V): None
Compact R.ion _ Annul.r RPgion:_

COORDINATE SYSTEM (Catesian cylindrical. tIn)

Compact Region: Annular Reginn:_

KINETICS GRID DIMENSIONALITY (VI:

ID I 2D I 3D|

compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gem. Vquy Asong Optin A-hos _ Flow DirecOion?

PULSED: _ CW- KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V6

- T2=X n X 5 C 

Cold (F. H2) D

Hot (Ho F2,): Chain (F n H2 & H 0 F2):

Other (pecify):

ENERGY TRANSFER MODES MODELED (V): Ielfreece

V-T: I

V-V:

Singe Li.n Model M

Mu.Ilin Mode IV):

Assumed Retational Population Ditribution Stte (v):

Equilibdum.. No ...Nquilibdum: -

Number of Las.r Lines Moield: _

S-urce of Rate Coffidnets Used in Code:

LINE PROFILE MODELS (/):

Doppler Bn adening:

Coiiisional Bnmedening:

Other (speciy):

GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) (/): None
Cylindrical, Rdiiily flowing:

Retenguilr, Liinea..y flowing:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (V) ID: 2D . 3D:-

FLOW FIELD MODELED (V:)

Laminar: __ Tetent:.

BASIC MODELING APPROACH (/):

Premitsd: Mieing:

*THERMAL DRIVER MODELED (VI):

Arc Heater Combustor...

Shbok Tube: _ Resistnce Hater

Other:

F-ATOM DISSOCIATION FROM 64t

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: 

MODELS EFFECTS ON MIXING RATE DUE TO (V:)

Nocale Boundary Layes.. Shock Wanes

Pren.antl.. (thermal blockag.): Turbulenc:

Ot herfsecib):

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Medi. Index VeIutions. -

Other (spnify_)

I I � I �

- -- _ -_ -m -_ _ _ _ _ _ _ m m - m

I

I

I I

.
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al ~~~~~~~~~~ -
CODE NAME: VI _ INT_ _ _ __

CODE TYPE: Gasdvnamicg

PRINCIPALPURPOSE(S)/APPLICATION(S)OFCODE: Calculates flow between wedges for hypersonic wedge modeling.

(Viscid Inviscid Interaction Program (VIINT))

ASSESSMENTOFCAPABILITIES: Calculates full viscous-inviscid flow field with shocks, reflected shocks,
and shock-body interactions. Considers transverse pressure gradients in the supersonic flow.

ASSESSMENT OF LIMITATIONS:

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: J Ohrenberfe Phone: (213) 536-4024
Organization: TRW DSSG

Address: 88/1012, One Space Park, Redondo Beach, California 90278
AvAILABLEDOCUMENTAToNT=Theory U = User RP= RelevantPublication) ): Turbulent Near Wake Modeling Analysis
for Reentry Application, J.T. Ohrenberger, Prepared for Ballistic Missile Defense Adv. Tech.
Center, DASG60-76-C-0043, April 1977; (U): "Computer Program Description and Users Manual of a Near
and Far Wake Modeling Analysis for Reentry under Laminar or Turbulept Boundary Layer Conditions,"
J.T. Ohrenberger, Prep. for Ballistic Missile Defense Systems Command, DASG60-76-C-0043, March 1979.

Ohrenberger, J.T. and Baum, E., "A Theoretical Model of the Near Wake of a Slender Body in Supersonic

Flow, AIAM Journal Vol. 10, No. 9I September 1972, pp. 1165-1172. AIM Paper No., 70-792 (June
AQ9^5.- AIAM Paper No., 72-116 (Jan., 1972)

Operational Currently?: Yes
Under Modification?:

Purpose(s):

Ownership?: TRW
Proprietary?: On file at ARC Facility, BMDATC, Huntsville

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job: 65K 60

Large Job:

Approximate Number of FORTRAN Lines: 3500 I



CODE NAME: I lITI NT

BASIC TYPE (V): None
Physical OpticsG..emetrical:_

FIELD (POLARIZATION) REPRESENTATION (/):

Scalr:.. Voctor:

COORDINATE SYSTEM (Canesian cyliedricet etcl:.

COmpact Reion: _ Annular Regin _:

TRANSVERSE GRID DIMENSIONALITY MV I SD 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED (V):
Square: Circular:Stp

Rectangula- EIciptil.. Asbitrary:

CONFIGURATION FLEXIBILITY (v):

Fiend Single Resonator Gemetry:

Fined Multiple Reonator Geceetri:_

Modular, Multiple Resonator Gsmetri:_

PROPAGATION TECHNIQUE (Wa:: ht :

Fresnet Intecrel Aliorith-n

With KEnel Aeraging

Gaxesian Qadrture:

Felt Fourier Transorm (FFT:

Fast Henkel Transform (FHTi:

erxar-Fr-nnl KirchhoYf (GFK):

_... spcIs

CONVERGENCE TECHNIQUE (VI

Power Cmpads..n F ield ComparIs:

Other

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/'dECTOR EXTRACTION ALGORITHM: (v)

I

None

RESONATOR TYPE (V): Stundins Was-

Traeligc Wu-o(Ring): -.Reoeoe TW:

BRANCH (/): Positio Negati-e

OPTICAL ELEMENT MODELS INCLUDED (VI:

flat Minon: Spherical Mirror:

nylina.ca .mn .... PTesc -pes

Scraper Mlor:

Ahoos W.Ac.n. |RftI .ico.s

Arbitray:

Linear

P.rb.elaP.rbel=:

Vardabl Coas Osift

Other (spenify):

Dnf snnhl Miso:_

Spatial fiter: Gratings:

Other El ement:

GAIN MODELS (/): BRa Candy Only:

Simple Saturted GRin: Deteid Gain:

BARE CAVITY FIELD MODIFIER MODELS (I):

Abe-natles/Thermal Ditrtlions:

Arbitrry:

Selected (pcify):

Relitctlyity Lots:

Output Coupler Edge: Rolle-d

Senated: Other

LOADED CAVITY FIELD MODIFIER MODELS (N/)
Medlum Ind-e Vadatle:_

OCedrappad Beams:

FAR-FIELD MODELS (/): BRom Ster~ing Remoeal

Optimal Focal Search: - Roam Qualy

Oth-r

I I~~~~~

I I

GAIN REGION MODELED (Mt: None
Compact Region: _Anrub[r Region:

COORDINATE SYSTEM (Cartsian. cylindrical *tc)

Compact Region: Annuar Region..

KINETICS GRID DIMENSIONALITY (V):

Compact Regine [
Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Guim Vnly Alon- Optic he_:.. c Dirnctisnl..

PULSED: _ CW_ KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V/)

1 |Y2 Y1 : Y~ g |F |I Cl|Br| |

Cold IF H)__ D |

Hot (HI F2 ):_ Chaln IF- H2 & H ' F2)

Other ( pacify)

ENERGY TRANSFER MODES MODELED (\): RV .re.ce

V-T: 

V-R:

V-V:

Other:

Singe ULic Model

Multilise Model ( M

Assumed Rtti.on.l Population Ditsbtubon State (/)

Equilbibdm- No .quilibdrum:

Number of Laser ULne Modeled:

Source of Rate Coueixiets Used in Code:

LINE PROFILE MODELS (v)

| GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and tylp) (X6:

Cylindrical, Radially Flowing: v

Retangular Linearly Flowing: V

COORDINATESVYSTEM Cart. and cylind
FLUID GRID DIMENSION (V) :ID_2D: / 3D:_

FLOW FIELD MODELED (1/)

Laminar V Terbulent_ _

Other Turb capability available.

BASIC MODELING APPROACH (V):

POthreid: Vp Mio i

Othh. ( p-eiy):

Rferernces for App hacp Used:

THERMAL DRIVER MODELED (V/:

Arc Heatnr: Combustor:

Shock Tub: . Resistance Heatr:

F-ATOM DISSOCIATION FROM (/):
FO2 SFy:

other (.prft),

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: NDL

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):

N-eon I..daly L ky-n 1/ Sho.k W...e: /

P-6atin ... II, -- blo-kag.):TurbuI-.: /

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):
Media Index Vadatin.s.:

Other (specify)

- -_mm m =- - - - -_ - - m _
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CODE NAME I

CODE TYPE: Gasdynamics

PRINCIPALPURPOSE(S)/APPLICATIONIS)OFCODE: To determine base flow between laser nozzle. Detailed analysis
of base flows, recirculation and embedded subsonic zone, boundary remnant lip and wake shock
formation are included.

A-1--;c -+-pndAklp +hc--I,,lr -dl-1 - 1-ho int ermodiat near wake.ASSESSMENTOFCAPABILITIES: e -... Y.. -. 11, - ---- - -
Heat release capability to simulate exothermic reactions. Parabolized Navier-Stokes (finite
difference) calculation. Base pressure determined uniquely by saddle point technique.

ASS= METfOIFWIM ITAT IONS: Does not handle chemistry directly. Two dimensional (but can handle 
source flows).

OTHER UNIQUE FEATURES: Can handle base injection.

ORIGINATOR/KEY CONTACT:
Name: J. Ohrenberger Phone: (213) 536-4024
Organization: TRW DSSG
Address: 88/1012, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION.T, Theory, U = User RP= RelevantPublication: (T): "Turbulent Near Wake Modeling Analysis
for Reentry Application," J.T. Ohrenberger, Prep for Ballistic Missile Defense Adv. Tech. Center.
DASG60-76-C-0043, April 1977; (U): "Computer Program Description and Users Manual of a Near and

Far Wake Modelinq Analysis for Reentry under Laminar or Turbulent Boundary Layer Conditions."
J.T. Ohrenberger, Prep for Ballistic Missile Defense Systems Command, DASG60-76-C-0043, March 1979.
Ohrenbercer. J.T. and Baum. E. "A Theoretical Model of the Near-Wake of a Slender Body in Super-
sonic Flow," AIAA Journal, Vol. 10 No. 9, September 1972, pp. 1165-1172. AIM paper No. 70-792
s(June 1970). AIAA paper 72-116 (Jan 1Y12)

-t-Ierrs n, Yes

Ownership?: TRW
Proprietary?: On file at ARC Facility, BMDATC, Huntsville

MACHINE/OPERATING SYSTEM (on which installed) CDC 7600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other Codes Required (name purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:
Typical Job: 107K 300
Large Job:

Approximate Number of FORTRAN Lines: 7000

* Wake Analysis Program

WAP*



CODE NAME: I WAP I

Ep
BASIC TYPE (V): None

Physical 0ptics:Geomotrical_:

FIELD (POLARIZATION) REPRESENTATION

Scalar:._ Sector: 

COORDINATE SYSTEM (Caresiant. cylindrical, etci:-

Compact Region: Acular Region:.

TRANSVERSE GRID DIMENSIONALITY (/)I

Compact Region.

Annular . e.i. n 

FIELD SYMMETRY RESTRICTIONS?

MIRROR SHAPE(S) ALLOWED (v)

Square: Circuiar: .... Strip

CONFIGURATION FLEXIBILITY (v)

Fixed, Single Resonator .sG.metry

Filed Mutiple Resonator Gometries:

Modular. Multiple Resonator . ometes_

PROPAGATION TECHNIQUE (Uall cc opplc)c: COMcoCT oANNUsi

Freonel Integrai Algorith-x

With Kneel A-eragieg

Gaussian Quadratu=:

Fast Fourier Trass. rm IFFTD

Fast Hankel Trnsform (FHT)_

Gardeer FrnnlKirboRhht (GSFrQ:

Oth.r (Ipecify):

CONVERGENCE TECHNIQUE (VN)

Pnont Compar-son_ Field Compatdsom

Other

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

TICS
None

RESONATOR TYPE (/): Standing Wac-

Traceling Wane (Ring): - Reors- TW:

BRANCH (/): Positio - Negation

OPTICAL ELEMENT MODELS INCLUDED Mi:

Flat Mino Spherical Mino:

Cylindricul Minor: - Tlecop-:

Scraper Minors

Axicons Waxicuns Reflikons

Arbitrary:

Unear :

Parabe-Parebela:

Variable Con- Ofstt:

Other spcify):

De-ormable Minors:

Sptial Filter: Gratings:

Other Elneante:

GAIN MODELS (V/) Re Casety Only

Simple Sturated Gi: l- Detailed Gale

BARE CAVITY FIELD MODIFIER MODELS (V):

Mine TAlt Dac-ntralion

Abert o../Termal Distortions:

Abltesry:

Selected Ipecify):

Reee-tixity Loss:

Output Coupler Edge: Roiod:

Serted: O ther:

LOADED CAVITY FIELD MODIFIER MODELS (v/):
Medinm ninde Vsdation

Other

FAR-FIELD MODELS (V) BRam Stsitng Rem uoal

Optimal Focal S.arch: - Roam Qual-y:

I I

GAIN REGION MODELED (V): None
Compact Region Annulr Rgion:

COORDINATE SYSTEM (Carteian cylindrical. ec.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (V):

Compact Reglon

AnnuLtr Region _ _ _

GAIN REGION SYMMETRY RESTRICTIONS:

Gais Vary Along Optic A.es?: _ Flow Dlreotioi...

PULSED: CW: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (/):
{ X:EY2:=YX:|Y} 1 y

T
j F r

'I Y Y : X2 = YX , Cl H _ , _

Cold (F 'H,) D

Hot 1N c F2 ):_ Chain (F ' H2 & H ' F2 ):

ENERGY TRANSFER MODES MODELED (V): Reference

VT: I

V-RO _
V.V:_ 

oth-r 

Single Line Model (

Multfline Model. (V):

Ahsumed RotatIonal Population Distdbutins State iMi:

Equilibdum.:. Noe.quilibriu.: -

Number xf Laser Uses Modeted:

Source of Rate Ctefictents Used in Code:

LINE PROFILE MODELS (%/)

Doppler Badenieg:

Collisional .. IBdeni.g

Other ipecyb)

I I I

|GAS DYNAMICS)

NOZZLE GEOMETRY MODELED (lnd type) (V:)

Cyliedrical Radially Flowing: v

Rectangular. Linea.iy Flowing: /

Cartesian
FLUID GRID DIMENSION (iv) D : 2D '/ 3D:-

FLOW FIELD MODELED (/):

Laminar: / T.bulent V

ONher

BASIC MODELING APPROACH (/):

Prmli. d:_T! Mhln~g:

THERMAL DRIVER MODELED (/):
Arc Heater Combustor

Shock Tbn: . -Reistance Heater:

F-ATOM DISSOCIATION FROM (/):

Other (speciy):

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:-

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Noaate Bo.ndary Laye s./ ShOk Wa-es: 

Preroactlons . thenkal blckcage):-. ..T..xnce: V

Oher (specily):

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Index Vadadtons V

Other specify):

_ -_ - -_ _ -_

U

II



Section IV

SUPPLEMENTARY INFORMATION FOR LONG SURVEY FORM

INTRODUCTION

The first two columns in the long survey form relate to the capability of the code to
perform optical modeling of the elctromagnetic fields in the laser cavity. The third column
summarizes the key features of the gain region chemical kinetic processes available in the
code. The last column deals with the gasdynamic properties treated by the code.

This section provides supplementary background information keyed to the survey
form format and ordering of topics. This brief narrative provides introductory material to
the user of this survey who may not be conversant with some portions of this broad, com-
plex physical, chemical, and computational problem. Some or all of the material will be well
known to the reader. Where it is not, we do not claim to provide an in-depth, self-contained
description of phenomena but, rather, a brief highlighting of the topics so that the reader
can get an immediate impression of the nature of the material and the degree of complete-
ness of its treatment by the codes.

We must, furthermore, warn the reader that the individual codes treat a number of
these phenomena very differently, so the general description given here may vary from the
approach in a particular code.

In short, those readers who require special, in-depth knowledge of any particular topic
treated here should seek that level of information from the key contact person denoted on
the first page of the long form or from the references given.

OPTICS (COLUMN 1)

Basic Type

Codes generally fall into two categories: (a) those that use geometrical ray tracing tech-
niques either to get usually quick, zeroth order analyses or evaluations of optical resonator
performance or to evaluate optical component specifications in systems such as telescopes
beam transfer, etc. An example would be a misalignment sensitivity study or the generation
of OPD (optical path differences) for input to a physical optics code; (b) physical optics
codes that calculate propagation by nearly exact algorithms can predict resonator modes
and can account for physical optics phenomena such as diffraction and dispersion.

IV-1



WIGGINS, MANSELL, ULRICH, AND WALSH

Field (Polarization) Representation

The electromagnetic field is fundamentally a vector field. * In the general case, any
valid resonator analysis must accommodate to the vector character of the electromagnetic
field. Nevertheless, to simplify the treatment of these complex problems, we are highly
motivated to find special cases where a scalar or single vector component treatment is valid. 3

In the case of an empty resonator, the scalar treatment is valid when a single compo-
nent of the electromagnetic vector field can propagate through the entire resonator and
back to the starting point without any coupling to other components of the field.

As an example, consider the reflection of light incident along the axis of a conical
reflector. The field configurations that do not mix are those whose transverse polarization
is everywhere either parallel with or perpendicular to the plane of incidence locally. If some I
other field configuration is incident, such as plane-polarized light, mixing will occur and an
orthogonal polarization will result.

Thus, the inclusion of conical elements inside the resonator that scramble the field-
polarization vector has led to the development of more detailed codes that keep track of the
polarization vector at each field point. These vector codes divide the polarization into two
components and combine or resolve the components as necessary at the end of each propa-
gation leg.

The case of a loaded resonator introduces additional complications. In an empty reso-
nator where a scalar treatment is valid, the scalar treatment of modes with orthogonal polar-
izations may proceed independently. In a loaded resonator, the polarization may couple
through such effects as saturation differences of the gain medium and mirror distortion,
since only one polarization component may be absorbing. Thus for a scalar treatment to be
valid in the loaded resonator, we must suppress all but the desired polarization mode.

Finally, Maxwell's equations predict a depolarization term given by |

E VQn n 2 3
where E is the electric field and n is the complex index of refraction. For media in which
gradients in index are negligible in a wavelength, the latter term can be neglected compared
with terms retained in the Helmholtz equation, i.e., the term

n2 k2 E, 

where k is the wave number.

For most media of interest in the high-energy chemical laser problem, this condition is m

well satisfied.

*One might even argue that because of the peculiar properties of the cross product, the electromagnetic
field is actually a second-rank tensor field.
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Coordinate System

The numerical algorithms for beam propagation are simpler, usually more efficient, and
possibly more accurate when the coordinate system (or system of grid points where the field
is specified) matches the resonator geometry. In chemical laser resonators two types of beams
are typically encountered, compact beams and annular beams (Fig. IV-1). Circular compact
beams and annular beams are best described by use of a cylindrical coordinate system, and
beams of square and rectangular cross section typically should use Cartesian coordinates.
The particular curvature of a wavefront (spherical, cylindrical, planar, etc.) usually does not
influence the choice of coordinate system. One reason for this is because most numerical
propagation algorithms are simplified by propagating planar wavefront beams. In this case
the appropriate curvature corresponding to a given optical element is formulated as a phase
sheet* which then multiplies the field. The more general codes offer the user a choice of co-
ordinate systems for describing compact region fields that are selected according to the ge-
ometry of the elements to be modeled. Cartesian coordinates are usually not considered ap-
propriate for representing annular beams because of the large number of grid points that
would be typically involved in modeling cases of interest. In fact, usually a restriction is even
forced on the general use of cylindrical coordinates, which leads to the use of so-called strip
algorithms for propagating annular beams. (The strip propagator is elaborated upon in later
discussions on specific propagators.)

COMPACT
BEAMS:

CIRCULAR COMPACT BEAM
(SPHERICALLY EXPANDING)

o)\- ___RECTANGULAR COMPACT BEAM
(CYLINDRICALLY EXPANDING)

ANNULAR BEAM < _j

(COLLIMATED)

Fig. IV-1 - Types of beams

Transverse Grid Dimensionality

Many times, codes are developed based on tradeoffs between numerical accuracy, code
capability, and computer run time. The simplest codes are one-dimensional (1-D) and are
relatively fast, running at the expense of the ability of model asymmetric phenomena such

*Assuming, as is usually the case, that the curvature is sufficiently small that amplitude differences over the
range of OPDs can be ignored.
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as misalignments.* One-dimensional codes can be used to provide reasonable approxima- X

tions for laser power, spectral content, mode shapes and separation, mirror flux loads,
axisymmetric thermal distortions (such as thermal bowing), and misalignments in the flow
direction for short gain lengths. Two-dimensional (2-D) codes more accurately model more I
complex phenomena such as misalignments, two-dimensional asymmetry of the media,
arbitrary mirror distortions, and strut obscurations; thus, 2-D codes offer the capability of
performing a number of important sensitivity studies encountered in practical resonators
that cannot be handled with the 1-D codes.

The dimensionality selected is related to the highest expected spatial frequency struc-
ture developed in the electromagnetic field due to diffraction, gain medium inhomoge- 1
neities, flow properties, etc. Typical upper limits dictated by computer machine capabilities
for current (1980) state-of-the-art machines are listed below. g

Dimensionality Fresnel Number

1-D problem 210-211 100-500
2-D problem 28 X 28 20 -40 I

The implications of machine restrictions on array sizes can be appreciated by a simple
example. Suppose the required sampling leads to a grid of 128 X 128 points. This leads to
a basic array of over 16,000 points, and at each point we have both the real part and the
imaginary part of the complex field amplitude. If we wish to store only the field amplitude
and phase in a source plane and an observation plane, we require a total of 64 K10 -storage I
locations even before we have loaded the computer program.

We can easily get a rough estimate of the number of grid points required in an observa-
tion plane from the following considerations. Let us imagine an infinite-slit aperture with
transverse dimension 2a and an observation plane located a distance R downstream.

The single-slit diffraction pattern has half-cycle nulls a distance d apart in the obser- X
vation plane, where d is given by

AR d =-.2a |

This distance can also be written in terms of the Fresnel number of the source as seen from
the observation plane; we obtain

a

2NF |

*This does not necessarily imply that they are more efficient.
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For good sampling, we require about four points per half-cycle at the highest spatial fre-
quency so that the spacing of points required is just d/4. If the characteristic transverse
dimension on the observation plane is also of order 2a, we find that the total number of
points required in one transverse dimension is given by

2a
m - = 16NF-

d/4 F

Thus for a Fresnel number of 50, we may require as many as 800 points in the transverse di-
mension. Of course this requirement may be eased if the amplitude at the source aperture
falls to zero as one approaches the edge of the source grid.

In addition, when doing a detailed kinetics and gasdynamic calculation as well (see
below) these arrays of field quantities must be retained at sequential times or transverse
points for use in the calculation of gain as the molecules flow away from the nozzle exit
plane.

When a machine core is exhausted, techniques are devised to extend the effective
storage by overlay and mass storage (disk) usage. With the advent of vector, parallel proc-
essing machines of effectively unlimited core, many of these restrictions will be removed
and only cost will dictate the limits of the size of problems to be attempted.

Field Symmetry Restrictions

In some instances, quasi-two-dimensional codes are assembled that assume field sym-
metry about a line or point. Codes also can be tailored to model systems that are circularly
symmetric. These codes have definite field symmetry restrictions. Often, code users take ad-
vantage of field symmetry by specifying only the nonrepeating portion of the field. Thus
one can reduce the total number of required grid points by a factor of n where there is n-
fold symmetry, without affecting the field resolution.

Mirror Shapes Allowed

Codes that have been assembled with one type of coordinate system are usually re-
stricted in their ability to model mirror shapes fitting another coordinate system. Two-di-
mensional Cartesian codes do an excellent job in modeling square or rectangular mirrors, and
an inefficient job in modeling elliptical or circular shapes. One-dimensional Cartesian codes
can model strip mirrors (mirrors that are considered infinitely long in one dimension). Ellip-
tical mirrors that are circular or of moderate eccentricity can be handled by cylindrical coor-
dinate codes.

The field modification by a mirror usually takes the form of an amplitude and phase
change imposed on the field at the mirror plane. This introduces the effects of mirror curva-
ture and absorption. Actual measured data on mirror shape, curvature, and reflectivity can
be used as well, if available, provided that the code has been designed to accept such data.
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Flexibility of Configuration 3
There appear to be only three approaches or philosophies taken in building detailed

resonator codes. These are: (a) codes developed to model only one specific resonator type
(e.g., the HSURIA*), (b) codes that allow the user to select one of several different pre-
programmed resonator models usually by simply setting certain flags in the input files, and
(c) codes that attempt to provide the user complete freedom to model any resonator he
chooses (the modular codes). In the latter approach, the code builder attempts to provide, I
in a useful format, all necessary submodels that could be of interest in modeling resonators
over as wide a range as possible and leaves to the code user the task of representing his own
resonator by utilizing modules in the proper sequence. Essentially, the user writes his own I
executive program, which amounts to a particular sequence of calls to the various modules
(subroutines models) representing a complete set of operations on the field in transversing
one round trip through the resonator. 3

There are obvious advantages and disadvantages to a given approach. The fixed, single
resonator code is of little use unless it models the resonator of interest. On the other hand,
its limited scope offers the possibility of making it highly efficient and cost effective to run. I
Also, compared to the other code configurations, it should be the easiest to use given that
all these code types are performing the same level of analysis. The fixed, multiple resonator
code configuration offers the capability of modeling several different resonators with rela-
tive ease. Using one basic code to model several different resonators for performance com-
parisons is advantageous since the numerical precisions will be nearly the same. Such code
configurations require a more complex logical structure; they can become unwieldy if too
many resonator models are included. Finally, the multiple, modular code construction I
approach offers very great modeling flexibility in return for a great amount of foresight in
the selection and interfacing of a large number of physical models on the part of the code
builder, as well as the time required to construct the iteration loop to represent a particular |
resonator on the part of the user. The advantage is that a user will (in principle) have to
learn how to use only one code. Disadvantages are that it is extremely difficult to predict all
the necessary code features and build a code that is both simple and efficient to use. 3

Often, cost and/or schedule constraints have dictated the approach to code construc-
tion. Single-purpose codes can be built in several months by those already familiar with the
physical models and the numerical algorithms. Modular codes, on the other hand, require I
many man-years of planning and construction before they can be used.

Propagation Technique

We turn now to the question of calculating the electromagnetic field at a down-
stream location when its amplitude and phase are specified on some surface upstream. The I
surface need not be planar, but it is often so chosen to simplify the calculations.

There are two basic propagator types, the integral type using the Huygens-Fresnel prin- |
ciple and the differential equation type derived from the paraxial wave equation. Each type
can deal with a complete vector field, but to simplify our discussion we assume that the
problem has been structured so that a scalar treatment is valid. Our discussion here is ori-
ented toward numerical calculations. Later we will touch briefly on analytical treatments.

*Half-symmetric unstable resonator with internal axicon.
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Paraxial Wave Equation

In the scalar version of paraxial wave treatment we assume that a single transverse
component propagating in the z-direction can be written as the real part of the expression

Ex(x,y,z,t) = '(x,y,z) exp (ikz - iwt),

where T satisfies the paraxial wave equation

V2* +2ik- d h2+ -yzt) 1 =(1)
T dz 2 TI~

0

The refractive index may be complex if it is to include gain. If the gain is to be introduced
as one or several isolated gain sheets, we set n = no and the last term in Eq. (1) drops out.

Huygens-Fresnel or Integral Equation [1]

In the paraxial approximation, the field at any observation point downstream is given
by

ik rT(s,) exp(ikR)
TI ds1 , (2)
2ir -'si 

where the integral extends over the area of the source aperture s1 , R is the distance from
each element in s1 to the observation point P, and T(s1 ) is the complex field as a function of
position in the source plane.

Comparison of the Two Approaches

Since the integral equation and the paraxial wave equation are alternative approaches
to the same problem, we expect that both approaches will yield the same correct answer.
The question for discussion, then, is which approach can be more readily implemented in a
given case.

In comparing the two approaches, we find that the integral propagator seems to be the
natural choice for a long propagation distance. The integral is evaluated in a single step from
the source plane to the observation plane. The numerical integration of the differential
equation, on the other hand, is expected to require many steps for a long propagation
distance.

IV-7



WIGGINS, MANSELL, ULRICH, AND WALSH

As the propagation distance decreases, the quantity exp(ikR) in Eq. (2) will begin to os- 3
cillate more rapidly as we move across the aperture carrying out the numerical integration.
The number of one-half cycles of oscillations is given by the Fresnel number NF, defined by

NF = a2 /(RX), (3)

where a is the radius of the source aperture, X is the wavelength, and R is as before. For
good accuracy in our numerical integration, we may require somewhere between four and
eight points per Fresnel number; thus, as the distance to an observation point R decreases,
the Fresnel number increases to a value of, say NF = 100; we require between 400 and 800 I
radial grid points. If, in addition we introduce tilt or otherwise destroy the axial symmetry,
the total number of grid points can climb rapidly into the range of 103 to 104. This discus-
sion assumes, of course, that the phase and amplitude of T(sl) vary at a slower rate than X
exp(ikR), a condition not always met in practice. For relatively short distances and corre-
sponding large values of NF, the paraxial wave equation seems the natural choice. In the
limit of short distances we have the geometric optics solution in which the electric field can I
be expressed in terms of the second derivatives (or equivalently, the radius of curvature of
the phase fronts) of *I(s, ) in the source plane.

In numerical calculations, the values for the electromagnetic field are always presented I
on a grid of finely spaced points. The configurations of the grids and the total number of
points are important issues. One is always faced with the tradeoff between computer storage
requirements and calculation speed on the one hand and accuracy requirements on the I
other.

The early calculations were often carried out with Cartesian coordinate and square or
rectangular grid systems. The early fast Fourier transform (FFT) (to be discussed later)
algorithms were easily applied to these systems. For circularly symmetric systems, however,
this is not an efficient grid system. Accordingly, radial systems were introduced and suitable
integral propagators were developed for azimuthally decomposed fields. For an axisymmetric I
system, the number of grid points for a given level of sampling can be reduced substantially.
Even when the axial symmetry is disturbed by such factors as tilts, mirror distortions, and
struts, one often samples relatively heavily in r and relatively thinly in 0, with an overall I
increase in sampling efficiency compared to a Cartesian system.

Before we leave our discussion of basic considerations, we mention briefly some of the
analytic techniques and contrast them with the numerical techniques.

Since the early work of Horowitz [2] on the empty cavity modes of the perfectly
aligned infinite strip resonator, slow and steady progress has been made with the analytic
techniques. Butts and Avizonis [3] have studied the cylindrically symmetric bare resonator.
Ellenwood and Meyer [4] have obtained preliminary results on the empty perfect HSURIA
resonator. The analytic studies are significantly limited by the fact that they cannot deal
with the general cases of major interest. Nevertheless, to the degree that they can handle
important ideal cases, they serve a useful role for baseline comparison purposes. Some
workers also feel that they retain closer contact with the basic physics of the problem. 3
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Although the large numerical codes are held in mixed regard within the community,
they do appear to hold promise for accurate numerical results for all cases of interest. The
full set of cases of interest spans a much wider range of phenomena than those that can be
handled by the analytic approaches.

The large codes may be plagued with long run times, considerable expense, and uncer-
tain results, particularly for those cases where there is no convergence. We do not yet seem
to have achieved the happy circumstance of efficient and economic computer codes pro-
ducing results of high confidence for all the realistic cases of interest.

Some Specific Propagators

We present now a brief discussion of some of the features of several propagators used
in practice. We will discuss only Huygens-Fresnel algorithms, since these are the most often
used. The ordering here follows that of the survey form.

Kernel Averaging

This technique takes account of the fact that a relatively fine grid is required to sample
rapid variations in the quantity exp(ikR) in Eq. (2), whereas a coarser grid is generally
adequate for the field distribution in the source aperture. The exp(ikR) grid can be com-
puted once and the values for the field amplitude obtained by interpolation.

Gaussian Quadrature

This is a well-known technique for carrying out numerical integration with a given
accuracy and fewer grid points than those used in the evenly spaced grids. The grid points
must be spaced unevenly to effect this improvement. A nonuniform weighting function is
used. One possible penalty is the requirement for interpolation to obtain the field values at
the proper locations in the source plane. In addition, for large Fresnel numbers, sampling
restrictions lead to prohibitive run times.

Fast Fourier Transform

The FFT is a well-known technique [5] by which the number of steps required to
carry out an integration of an N X N-point 2-D function expanded in an N X N series of
basis functions may be reduced from ;N 2 to zN log2 N, which is a substantial saving when
N is > 100. In its original version the FFT is suited to the case of a rectangular grid system.
To carry out the procedure, one takes the (fast) Fourier transform of the field distribution
in the source plane, propagates this transform to the observation plane with a simple multi-
plication, and finally, if desired, calculates the inverse (fast) finite Fourier transform.

Fast Hankel Transform

The FHT transform has been described by Siegman [6]. The Hankel transform and the
Fourier transform are very closely related. In fact, the result of a zeroth order Hankel trans-
form is numerically equal to that of a double Fourier transform in x and y when the func-
tion being transformed is cylindrically symmetric. Higher order Hankel transforms accom-
modate cases where, for example, cos mO symmetries are present.
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Gardner-Fresnel-Kirchhoff

The Gardner transform [7] is applied to Eq. (2), resulting in a Gardner-Fresnel-Kirchhoff
(GFK) algorithm. If the Fresnel integral is written in terms of the cylindrical coordinate var-
iables r and 0, the 0 integrations can be carried out analytically for circularly symmetric
fields. As it stands, the form of the remaining integral over -y does not lend itself to any of
the fast transform techniques. However, if we apply the Gardner transform to the radial co-
ordinate, the new variables u and u'appear in the form (u - u'), which is a form of a convo- I
lution to which the fast transform techniques can be applied. Both FHT and GFK methods
use the Gardner transform. The FHT requires an additional Fourier transform, since a con-
volution is not used.

Strip Propagators

The strip propagator [8] is the appropriate one for the one-dimensional strip resonator
problem in which the fields are independent of the coordinate along the strip. These prop-
agators are applied in the annular region of circularly symmetric HSURIA resonators. Strip
propagators are of interest because we anticipate great difficulty in handling the number of
grid points required for a fully general treatment. We can understand these requirements
from the following considerations. Let us imagine an annulus 60 cm in diameter with a
4-cm shell which is 400 cm long. From Eq. (3) we take the Fresnel number |

22 -
F (3 X 10-4) 400

If we assume that the annulus can be considered as an infinite strip closed on itself, then
about 500 points are required to properly model the field through the thickness. If now we
add the possibility of an angular dependence around the annulus, we may require one to
several orders of magnitude more points to model the fields properly, depending on the
magnitude of the angular variations. A Fourier decomposition is made in the azimuthal
components. These fields are then carried along separately.

Convergence

Convergence in laser resonators is an iterative process that amounts to reflecting the
field around the resonator until the field distribution is repeated to within a multiplicative
constant from one iteration to the next. This constant is related to the mode eigenvalue. 1
The iterative procedure is terminated when the field stabilizes to within a convergence cri-
terion. In some codes the measure of convergence is taken to be the (normalized) power in
the field fed back into the resonator immediately after outcoupling. Convergence is reached
when either (a) a certain number of the last computed values of the feedback power are all I
within some prescribed amount, or (b) the most recently computed minimum and maxi-
mum values of the feedback power-agree to some preset number of decimal places. Conver-
gence can also be established by requiring the point-to-point variation in the field distribu- I
tion to be less than a prescribed amount for consecutive iterations.
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When the two largest eigenvalues have nearly the same value, e.g., for resonators of m
nearly integer equivalent Fresnel number, convergence to the dominant eigenvalue can be
quite slow if obtainable at all. In such situations convergence acceleration algorithms are
sometimes used to predict the eigenvalue in hopes of reducing the number of iterations to
convergence.* Since the results obtained with some algorithms can be misleading or erro-
neous, they should be utilized with caution.

Eigenvalue/Eigenvector Extraction [91

In modern unstable resonator calculations, it is very important to determine a resona-
tor's transverse mode behavior to ensure adequate transverse mode discrimination and insen-
sitivity to small mirror misalignments (tilts, translations, decentrations, etc.). This means
that, typically, several high-order transverse modes of the resonator, in addition to its
lowest, need to be calculated. Ordinarily, however, numerical unstable resonator solutions
yield only one eigenvalue, i.e., the one associated with the dominant, or lowest loss, mode
represented by the stable (self-replicating) field distribution at convergence. Thus, to obtain
information about some other (higher order) mode, one must somehow extract the known
modes from the initial field distribution and reiterate the resonator to convergence. There
are two basic problems with this approach. First, finding many eigenvalues (and transverse
modes) one at a time for a complex resonator can be very expensive, since convergence must
be reached every time. It would not be unusual for higher order modes to converge more
slowly. Second, due to numerical inaccuracies, it could be very difficult to completely
extract a known (lower order) eigenvalue from the starting field distribution, to prevent its
dominating again after many iterations.

The Prony method, which provides an effective algorithm for extracting all of the sig-
nificant lowest order modes in a resonator eigenvalue calculation, is one means of alleviating
the problems just discussed [10] . Furthermore, with this method several different transverse
modes of a resonator can be found without iterating the field to convergence! This is obvi-
ously a very powerful technique and provides an important measure of both power and ef-
ficiency to be considered in trading off resonator optics codes for use in higher order mode
calculations.

Resonator Type

Standing-wave resonators have mirrors at either end of a cavity that reverse the beam
direction, causing it to alternately retrace its path in the opposite direction. Field points in-
side standing-wave resonators have a bidirectional flux traveling through them. Traveling-
wave resonators, commonly called ring resonators, circulate the mode unidirectionally (if
properly designed). Sometimes, poorly designed traveling wave resonators can support
reverse running modes, which are generally undesirable.

*For example, see Aitken's method as discussed in J. H. Wilkinson, The Algebraic Eigenvalue Problem,
Oxford University Press, Cambridge, 1965, p. 578.
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Branch |
The branch of a resonator relates to the stability diagram [11] for two-element reso-

nators, made up of spherical mirrors at unequal curvature (see Fig. IV-2), which is equiv- I
alent to a sequence of lenses of alternating focal length f1 = R 1 /2, f 2 = R 2 /2 equally
spaced a distance d apart. I

One identical subelement of this sequence of lenses is a space d followed by a lens of
focal length f1 , followed by another space d, and finally the second lens of focal length f2 .
By applying the appropriate paraxial ray transfer matrix to this subelement and requiring
that one-half the trace of this matrix be between -1 and 1, we arrive at the condition for
stability. That is, for the optical system representing the complete round trip in the reso-
nator mirror system, we have the equivalent lens sequence shown in Fig. IV-3.

The matrix operations are, for this sequence,

r1 dl 1 0l r dl 1 

I -d/f2 2d-d2/f 1

1 1 d d 2d d2

- f +f~ I -- 
fl f2 fl f2 fl f2 fl f2 

~~~~~~~~~I

Fig. IV-2 - General open optical resonator |
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d

fi f2

Fig. IV-3 - Equivalent lens sequence
for open optical resonator

Stability requires that -1 < 1/2(trace) < 1, or,

2d 2d d2

-1 < 1/2 2 -_ < f 1 .

Thus,

0< (- d) ( 1 - d ) <1 for stable resonators

where we have substituted f 1 = R 1 /2 and f2 =R 2 /2. Let g1 = 1- dIR1 and g2 = 1 - diR2.
Then the unstable resonators split into two categories

positive branch g1g2 > 1

and

negative branch g1g2 < °.

The stability diagram is a plane representing all combinations of g9g2 , as in Fig. IV-4. A
special case of great interest is the confocal resonator for which the focal points of the mir-
rors coincide. The condition of confocality is given by

f 1+ f2 = d

which leads to contours of confocality

g1 = g2 /(2g 2 - 1)

on the stability diagram.
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Fig. IV-4 - Stability diagram. Unstable resonator systems lie
in shaded regions.

The positive-branch confocal resonator has g1 and g2 positive, but the curvatures of
the mirrors are of opposite sign. The negative-branch confocal resonator has both curvatures
positive, but g1 and g2 are of different sign. Thus, the negative-branch resonator has a real
internal focus. These examples are shown in Fig. IV-5. Both have fundamental mode colli-
mated outputs.

g192 > I

(a) Positive branch

9192 < 0

(b) Negative branch

Fig. IV-5 - Two classes of confocal resonator
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Optical Element Models Included

Most optics codes are capable of modeling standard components such as those dis-
cussed in this section.

Flat, spherical, and cylindrical mirrors are standard optical components.

x

011

FLAT
PARALLEL IN
PARALLEL OUT

1SIMPLY REDIRECTS
THE BEAM

NO PHASE SHIFT: x, y

SPHERICAL
PARALLEL IN
FOCUSED/DEFOCUSED OUT

NPOINT FOCUS

PHASE SHIFT: K(x2 + y2)
2f

CYLINDRICAL
x: PARALLEL IN & OUT
y: PARALLEL IN-

FOCUSED/DEFOCUSED OUT

* LINE FOCUS

PHASE SHIFT: Ky2 /2fy
NO PHASE SHIFT: x

Telescopes, intra- or extracavity, are used to enlarge or reduce beam sizes.

CBEAM EXPANDER

K
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Scraper mirrors are placed between the end mirrors of unstable resonators to outcouple
the beam. A scraper mirror is usually a flat with a hole in it, placed near the convex cavity
mirror. (Note: Usually not modeled.)

I
I-. 0 CONVEX

Axicon is the generic term for an axisymmetric, cone-shaped optical element.

I
I
I

Waxicon is the term for a compound axicon (two cones) whose cross section is
W-shaped. An annular input beam is transformed into a compacted beam traveling in the
opposite direction.

I

<I

I
I
I
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Reflaxicon refers to a compound axicon that compacts an annular beam without re-
versing the beam direction.

Arbitrary refers to the surface contour of the axicon. Arbitrary axicons can be de-
signed to change the beam phase or intensity profiles.

Linear model: surface contour is a line of revolution, resulting in a true cone section.

Parabola-parabola model: the inner and outer cone of surfaces are parabolas of revolu-
tion. These configurations spread the compact beam to reduce flux loading on optical
elements.

IV-17



WIGGINS, MANSELL, ULRICH, AND WALSH

Variable cone offset is the axial separation between the inner and outer cones and is a
code variable. I

6 IS THE OFFSET |

Deformable mirrors refers to a mirror whose surface contour is adjustable by use of a
series of actuators. When a deformable mirror is coupled to a feedback system of sufficient
bandwidth, an adaptive optic system results. This can be used to offset aberrations induced
in the intracavity beam by gain media inhomogeneities and fluctuations, mirror deforma-
tions, or jitter.

Spatial filters refers to an aperture stop placed near a focal point to restrict passage of
a beam to those elements that can be focused through the aperture. Since unwanted modes
have energy in the wings of the focal pattern, the filter acts as a suppressant by removing I
this energy from the feedback loop. If the passage to a "point" focus is impossible due to
high flux, then a cylindrical lens can be used to form a line focus, thereby spreading out the.
beam power over a greater area. In this case the filter is a line aperture. I

Gratings are linear, circular, or holographic contours of wavelength dimensions etched
or ruled into a mirror to disperse the beam. |

Gain Models 3
Bare cavity models do not contain gain models but mathematically normalize the cir-

culating flux to unity after each round trip. Simple saturated gain models use a simple gain
algorithm for homogeneous and inhomogeneous broadening to boost the intracavity flux I
on each round trip. Detailed gain models calculate the gain by taking into account the actual
number densities of active media at each field point and consider effects such as cascading,
mixing, and deactivation. These models are summarized in the sections of the survey form
dealing with kinetics (column 3) and gasdynamics (column 4).

Bare Cavity Field Modifier Models 3
Field modifiers are mathematical operations applied to the intracavity field at selected

points to model various resonator elements such as mirrors or errors. For instance, errors
due to thermal distortion of a laser mirror can be calculated once the field is predicted at
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the plane of the mirror. An algorithm is then used to determine the mirror distortion, which
in turn is converted to a phase error and added point by point to the field phase.

Recent work by Felsen, Dente, and others on the effect of the mirror edges on reso-
nator mode stability and control have resulted in the comments on output coupler edges:
rolled, serrated, etc.

Loaded Cavity Field Modifier Models

In loaded cavity models (gain included), field modifiers to simulate gain sheets as well
as errors in the gain medium index of refraction, gaseous resonant or nonresonant absorp-
tion of the intracavity flux, or the effects of overlapped beams in detailed three-dimensional
gain packages are sometimes modeled. The gain is a function of the laser intensity; hence,
matrix methods are not usable, since the problem is nonlinear.

Far-Field Models

Far-field models are used to project a beam with a certain intensity and phase profile
taken at the resonator output into the far field for purposes of evaluating beam quality.
Errors in the output beam phase such as tilt and focus need to be removed in some instances
in order to properly evaluate the residual beam quality. Beam quality is usually calculated
by measuring the fraction of the total power that passes through an aperture of fixed size
and comparing the ratio of the theoretically perfect beam to the predicted beam by one of
a number of simple algorithms.

KINETICS

Introduction

The objective of the chemical kinetics subroutines in these computer codes is to calcu-
late the gain coefficient by taking account of the detailed rates of pumping, deactivation,
and stimulated emission of the vibrational states of the excited product molecules in the
chemical reaction of the laser medium. These instantaneous point solutions are then coupled
with fluid flow models (cf. discussion of column 4 of survey form) of various degrees of
sophistication to describe the gain as a function of position transverse to the laser light beam
propagating between the mirrors. Since the pumping and stimulated emission rates are de-
pendent in part on the local intensity of laser light at the site of each molecule in the stream,
one sees immediately that the most comprehensive solutions require that self-consistency be
established (the laser light appears both as a cause and an effect of the molecular kinetics).

The gain coefficient a is calculated at a discrete plane along the propagation direction
(z) and is used in the radiative transfer equation to calculate the local intensity I;

dI
dz
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The gain coefficient is derived from the details of the complex behavior of the mole-
cules, which derives from functions of the following factors:

1. Their combustion formation processes (rate coefficients)

2. Collisions with other molecules (foreign and self-broadening and energy transfer)

3. Their motion at the temperature of the flowing, expanding gas (Doppler broad-
ening)

4. Rotational and vibrational populations (Boltzmann or non-Boltzmann distribution
plus partition function)

5. Einstein coefficients for stimulated emission and competing deactivation modes.

Gain Region Modeled

If the gain generator is in the compact region of an annular device, as it is in laboratory
test beds in many cases, the model is appropriate for that configuration-that is, for example,
linear banks of nozzle and parallel flow. If the gain generator is in the annular region, then
cylindrical symmetry dictates a (r, 0) coordinate system to model the radial diverging gain
medium.

Kinetics Grid Dimensionality and Symmetry

The molecular effects summarized above are calculated for each transverse point in the
region intercepted by the laser beam modes in the most sophisticated models. For some ge-
ometries and flow patterns, an approximation of one-dimensional kinetics is assumed and im-
plemented by averaging over the transverse coordinate perpendicular to the flow direction.
The variation of gain along the optic axis is achieved by use of more than one transverse
plane for the kinetics/gasdynamics calculation. One does so only with care, however, since
this gain calculation can be very time consuming. Typically, one to three gain "sheets" are
used, although some lasers have been studied with as many as six sheets. A rule of thumb is
about one per meter of HF. One tries to keep the gain X length product between sheets
such that the intensity rises linearly.

Chemical Reactions Modeled

The reactions modeled for use in high-energy lasers have generally fallen into three
catetories: (a) cold, (b) hot, and (c) chain. Cold and hot are terms referring to the relative
exothermicity of the one reaction compared with the other. The cold reactions are given
by the class of halogen-hydrogen reactions

X+H 2 -÷ HX + H,
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where X is any of the halogen atoms F, Cl, Br, or I, and H can be replaced by D. The hot
reactions are given by the class of atom transfer reactions,

H+X 2 -HX+X.

The energy to be distributed among the reaction products is - AH + E. where AH is
the change in enthalpy of the reaction and E. is the activation energy needed to overcome
the potential barrier between the two initially stable reactants. The reference to cold and
hot reactions can be understood by reference to energy values for a specific reaction. For
example,

F+H2 -HF* +H

has

-AH + Ea1 = 34 kcal,

whereas

H+F2 -HF +F

has

- AH + Ea1 = 102 kcal .

Since this excess energy appears as excited state HF*, one sees that much higher vibra-
tional levels are possible in the hot reaction.

The higher exothermicity of the hot reaction can be attributed to the difference be-
tween the very weak bonding of F2 and strong dissociation energy at 0 kelvins from v = 0
of HF. The difference of about 100 kcal is sufficient to excite HF vibrationally to v = 11.

The chain reaction occurs with a mixture of H2 and F2 so that both the hot and cold
reactions are present in the gain medium, supplying the necessary H and F atoms to activate
the excited HF molecules. In addition, the hot reaction allows energetic interaction of F2
with the excited HF above a minimum vibrational level to create a surplus of F atoms via
the branch

HF (v > vmin) + F2- HF(v = 0) + 2F .
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The difference in exothermicity and hence in available vibrational energy for popula-
tion inversion is clearly seen in the following coordinate energy level diagrams for F/H2 and
H/F2 reactions. In Fig. IV-6 the energies shown are for one mole of reactants. The k' and ki
are the rate constants for activation and recombination, respectively.

F + H2 - HF+ + H

AH =

= 3)

(v = 2)

1)

H + F2 -- HF + F

10)

9)

REACTION COORDINATEA -

Fig. IV-6 - Reaction coordinate diagrams for F/H2 and H/F2 reactions [12a]

Modeling of Energy Transfer Modes

Deactivation of the inverted population occurs via stimulated emission together with
competing radiative and collisional processes. Relaxation rate coefficients are used in the
computer calculations to account for the self-deactivation of the hydrogen halides and for
their deactivation by other species of atoms, molecules, and radicals present in the flowing
medium.

The energy transfer occurs through either vibrational-translational reactions or vibra-
tional-vibrational reactions. The vibrational-vibrational (rotational, V-T(R)) reactions are
exemplified by
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kuVV- AV

HX(v) + M < HX(v - Av) + M + AE(v,Av)

where kVV -4v is the rate coefficient, v is the initial vibrational level of HX, and Av is the
number of vibrational quanta transferred to the chaperone specie molecule M as translational
and/or rotational energy. This type of transfer leads, clearly, to a real loss of available
quanta for stimulated emission at vibrational level v. In the vibrational-vibrational (v, v')
reaction

kV ,V

HX(v) + AB(v') = HX(v - Av) + AB(v + Av),

energy remains in vibrational states. In the case of self-deactivation, lasing species are pre-
served in v, - v' transfer.

Single vs Multiline

Since the vibrational-rotational levels are populated and deactivated at different rates,
the inversion condition necessary for lasing depends on the instantaneous relative popula-
tion between all V-R levels and therefore changes with time. Thus the spectral output of the
chemical laser is generally multiline. The line profile as a function of the transverse flow co-
ordinate is in general different for each line because of differences in gain distribution.

Rotational Population Distribution

To avoid excessive computational time, the assumption of rotational state population
equilibrium is usually made. The partition function describes a Boltzmann distribution in this
case. At the low pressures encountered in some HF laser designs, this assumption is not neces-
sarily a good one. If, for example, collisional rates are greatly exceeded by stimulated emis-
sion rates, then the equilibrium assumption is suspect. Brute-force inclusion of rate equa-
tions for each J level would lead to inordinate run time and expense. Thus various simpli-
fying assumptions are made, including empirical distributions fit to small-signal gain and
chemiluminescence data. Care must be exercised, however, since in the absence of lasing, the
Boltzmann distribution is very well fitted to available data.

Line Profile Models

The natural line width of the lasing transition is broadened by collision and the Doppler
effect. In high-pressure devices (> 75 torr), collisional broadening dominates. In low-pres-
sure devices (< 5 torr), Doppler broadening dominates. A convenient method for inclusion
of both effects is to use the Voight function defined by
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K(x,y) =-
1r

2

fCC -te 'dt

-JO Y2 + (X-t) 2

The line profile at wavenumber c is then

4,(c; uJ/m) = (Qn2 ) 1/2-7-

where

I C + 

C-e0

1K K(x,y)
OIDP(VJm)

s (w) dw = 1

1w - L)c (v,J,m)I
x = (Qn 2)1/2

O DP(vJm)

y = (Qn 2)1/2 aLR(Vj)

Also, UDP and O1LR are the Doppler and Lorentz HWHM (half widths at half maximum),
respectively. For laser operation at line center (w = Wc ), x = 0 and the Voight function
[12b] reduces to the exact formula

K(O,y) = 1- erf(y)] exp(y2 ).

Then in the limit of pure Doppler broadening (y = 0 and K(0,0) = 1), the line profile be-
comes

DP(wCo) = (Qn 2/ir)1 /2
OID P

whereas in the (Lorentz) limit of pure collisional broadening (y -< -o and K(O,y) - lly
it becomes

1
DLR(OCO) = lLR
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For operation at other than line center (co = Cc ), approximate algebraic expressions for the
Voight function exist [13].

GASDYNAMICS

Background

Gasdynamics, the fourth column on the detailed code survey form, describes the
capability of the code to account for the fluid mechanical properties of the gases as they
are mixed and transported through the laser and, in particular, to account for the effects
of gas mixing on the production rate and spatial distribution of HF* (or DF*), which deter-
mine power production.

Nozzle Type and Geometry Modeled

There are basically two distinct overall nozzle bank geometries that define the shape
of the gain region: cylindrical and rectangular. The specific nozzle elements themselves
usually reflect geometries characteristic of subsonic or supersonic flows. There are many
different types of chemical laser nozzles. The cylindrical, radially flowing nozzle banks
produce a gain region of annular cross section as seen in Fig. IV-7. The gases flow radially
outward and hence the streamlines diverge. Rectangular, linearly flowing nozzle banks
(shown in Fig. IV-8) produce a gain region of rectangular cross section with parallel stream-
lines. In either geometry the flow is transverse to the optical beam path.

Coordinate System

The representation and calculation of fluid flow phenomena are usually simplified when
the chosen coordinate system reflects the flow field geometry. It is often important to be
aware of which coordinate system is used in a given code, expecially when that code is to be
combined with another for extended calculations or when a code is being considered as a
candidate for analyzing a problem of given geometry where the run time, cost, and/or accu-
racy should be compromised if the coordinate system and problem geometry were not the same.

Fluid Flow Grid Dimension

This section requests specification of the spatial dimensionality of the numerical fluid
dynamics grid. The ability to accurately represent actual physical phenomena increases (as
do the run time and cost) as fluid grid dimensionality is increased from one to say, three
dimensions. Certain phenomena may actually require four dimensions, three spatial dimen-
sions and time, in order to be modeled satisfactorily. Other phenomena may be adequately
modeled by only a single spatial variable in a time-independent calculation. There may be
no advantage at all in using a code with higher dimension capability than is required for a
given analysis, although there are usually significant cost, run time, and job turnaround
penalties.
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Equally important (but ignored in the survey) in assessing the suitability of a code for a
given problem is the actual number of grid points per grid dimension allowed, which deter-
mines the maximum sizes of the arrays that can be handled by the computer, and which for
a given set of geometrical dimensions determines the maximum achievable resolution.

Flow Field Modeled

Typically the supersonic HF/DF mixing laser must solve a number of gasdynamical
problems because the type of mixing influences the mixing rate that affects the lasing
process. The mixing rate depends on whether the mixing in the laser cavity is laminar, tran- d

sitional, or turbulent. Since this is a question that has not been fully resolved, the capability
of a code for modeling a variety of flow field conditions is an important measure of its use-
fulness in certain types of performance analyses. I
Basic Modeling Approach

When F and (112 of D2 ) are mixed in a flowing system, the chemical reaction prod-
ucing HF* (or DF*) begins as soon as the reactants come into contact. As a result the over-
all rate and spatial distribution of HF* (or DFV*) produced by such a reaction is governed by
both the chemical reaction rate and by the rate of mixing. Attempts to model the influence
of both rates on power production and distribution in the cavity lead first to an investiga-
tion of two limiting cases, the so-called premixed and mixing- or diffusion-rate dominated
cases.

In the premixed approach the rate of mixing or diffusion of F and H2 is considered to
be very fast compared to the reaction rate, and therefore the production of HF* is limited
by the chemical reaction rate. In this case gases are allowed to mix before the chemical
reaction starts, hence the production of HF* (and laser gain) occurs downstream from the
mixing. Thus, in this limiting case the diffusion equations that describe the mixing process
are ignored. This approach also leads to a considerable simplification in modeling.

In the mixing-rate-dominated approach, the rate of mixing (or diffusion) is considered
to be slow in comparison to the chemical reaction rate, and therefore power production is I
governed by the mixing process.

As might be expected, neither limiting case is considered sufficiently accurate for
modeling the coupling of finite diffusion and chemical reaction rates necessary for ade- I
quately describing HF production in CW HF lasers. As a result, other approaches have been
developed that attempt a more realistic modeling approach, i.e., one that is intermediate
between the limiting cases. For example, there is the so-called flame sheet solution approach. I
In this approach the mixing process is incorporated into the premixed solution through the
use of a flame sheet diffusion profile [12]. Such approaches are referred to as scheduled
mixing.

There are many approaches to modeling chemical lasers [12,14]. Generally they can
be divided into two overall categories-those that are basically numerical and those that are
analytical. Some of these are loosely grouped by category below in terms of (generally
speaking) decreasing rigor, scope, and complexity:
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Detailed Numerical Approaches

There are three main detailed numerical approaches, which are given here, with appro-
priate references.

* Rigorous attempts at mixing solutions (possibly with kinetic and radiative proc-
'esses) included work by the following researchers:

A. W. Ratliff, J. Thoenes, and S. D. Smith, "Method of Characteristics Laser and
Mixing Program Theory and User's Guide," vol. IV, Technical Report RK-CR-73-2, Lock-
heed Missiles and Space Co., Huntsville, Ala., 1973.

B. R. Bronfin, et al., "Development of Comprehensive Laser Computer Models,"
United Aircraft Research Laboratories Report K911252, Nov. 1971.

B. R. Bronfin, et al., "Development of Chemical Laser Computer Models," Air
Force Weapons Laboratory Technical Report AFWL-TR-73-48, Kirtland AFB, July 1973.

"ALFA Code," Air Force Weapons Laboratory Technical Report AFWL-TR-78-19,
Kirtland AFB, Feb. 1979. An upgrade of the LAMP code incorporating turbulent nozzle
flows, cylindrical laser configurations, pressure-unbalanced cavity flows, effects of rotational
nonequilibrium, and multiline lasing for analysis of CW chemical lasers.

"APACHE Code," Los Alamos Scientific Laboratory Report LA-7427, Jan. 1979.
Time-dependent finite difference code for modeling a multicomponent chemically reactive
fluid flow interacting with an intense radiation field.

D. B. Rensch and A. N. Chester, "Chemical Laser Mode Control Program," Final
Technical Report, Contract DAAHO1-70-C-1082, Hughes Research Laboratories, Malibu,
Calif., 1971.

W. S. King and H. Mirels, "Numerical Study of a Diffusion Type Chemical Laser,"
Amer. Inst. Aeronaut. Astronaut. J. 10, 1647 (Dec. 1972).

* Flame-sheet solutions incorporating mixing processes into premixed solutions
through use of flame-sheet diffusion profile include those reported in "A Simplified Model
of CW Diffusion-Type Chemical Laser," by H. Mirels, R. Hofland, and W. S. King, Amer.
Inst. Aeronaut. Astronaut. J. 11, 156 (1973).

* Premixed solutions (which ignore the diffusion equations which describe the mix-
ing process) include the works of Emanuel, et al., and Meinzer, et al.:

G. Emanuel, W. D. Adams, and E. B. Turner, "RESALE-1~ A Chemical Laser Com-
puter Program," Aerospace Corporation Report TR-0172(2776)-l, El Segundo, Calif., 1972.

R. A. Meinzer, et al., "CW Combustion Mixing Chemical Laser: HF, DF," Pro-
ceedings of the 6th International Quantum Electronics Conference, Tokyo, Japan, Sept.
1970.
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Approximate Analytical Approaches

* Variable gain-length mixing model: I
J. E. Broadwell, "Effect of Mixing Rate on HF Chemical Laser Performance,"

Appl. Opt. 13, 962 (1974). 3
* Flame-sheet mixing scheme utilizing premixed solutions;

R. Hofland and H. Mirels, "Flame-Sheet Analysis of CW Diffusion-Type Chemical |
Lasers, I. Uncoupled Radiation," Amer. Inst. Aeronaut. Astronaut. J. 10, 420 (Apr. 1972).

H. Mirels and R. Hofland, "Flame-Sheet Analysis of CW Diffusion-Type Chemical
Lasers, II. Coupled Radiation," Amer. Inst. Aeronaut. Astronaut. J. 10, 1271 (Oct. 1972). 

H. Mirels, "Interaction Between Unstable Optical Resonator and CW Chemical
Laser," Amer. Inst. Aeronaut. Astronaut. J. 13, 785 (June 1975). a

J. M. Herbelin, "Continuous-Wave (F + H2 ) Chemical Lasers: A Temperature-
Dependent Analytical Diffusion Model," Appl. Opt. 15, 223 (Jan. 1976).

* Premixed solutions (which ignore diffusion):

G. Emanuel, "Analytical Model for a Continuous Chemical Laser," J. Quant. I
Spectrosc. Radiat. Transfer 11, 1481 (1971).

G. Emanuel and J. S. Whittier, "Closed-Form Solution to Rate Equations for an I
F + H2 Laser Oscillator," Appl. Opt. 11, 2047 (1972).

Thermal Driver Modeled |

The thermal driver refers to the process of generating the oxidizer, atomic fluorine,
usually from F2 , SF6, or NF3. There are a number of different types of thermal drivers I
including arc heaters, shock tubes, resistance heaters, combustors, and chemical reactions.
Whatever the method, it is necessary to produce a known, large concentration of F atoms
with the thermal driver and then mix F with H2 or D2 in a fast expansion through a super-
sonic mixing nozzle. Figure IV-9 shows the role of the thermal driver in relation to mixing,
population inversion, and pressure recovery. In the figure a combustor illustrates the pro-
duction of atomic fluorine by burning nitrogen trifluoride in ethylene. It is important to
accurately control the desired degree of fluorine dissociation, mass flow, and temperature I
of the F atoms since these quantities directly affect the laser operating point (defined by
the combustor and nozzle diluent ratios Pec/13n and mass flux rh /A), and hence the power
production.

F-Atom Dissociation From: 3
Specifies the compound (F 2, SF6, NF3, etc.) from which atomic fluorine is obtained

as modeled by the code. (See Thermal Driver Modeled.)

IV-30



NRL REPORT 8450

POPULATION PRESSURE
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Fig. IV-9 -A CW mixing Hf/DF chemical laser illustrating use of a
combustor as thermal driver

F-Atom Concentration Determined From Model?:

This question is posed to help determine the extent of computer model capability.

Diluents Modeled

Diluents (He, N2, etc.) added to the mixing plenum play a very important role in estab-
lishing the laser operating point and hence the amount of power produced under a given set
of conditions. It is of interest in measuring the capability of a computer model to determine
the types of diluents and the extent to which their effect on laser performance is modeled.
Often one may want to conduct tradeoff studies with several different diluents and/or
diluent ratios as functions of other device parameters to optimize power output.

Models Effects on Mixing Rate Due To:

In the supersonic HF mixing laser there are many gasdynamical phenomena that will
affect the mixing rate (and hence the detailed gain profile and power production). Thick
laminar boundary layers of F and He can form along a nozzle wall and have a tendency to
separate, giving rise to shock waves that can intersect in the flow outside of the nozzle. In
assessing code capabilities it is important to determine whether such models are included.

Models' Effects on Optical Modes Due To:

Effects producing gain medium inhomogeneity arising from pressure, density, or
refractive index variations can couple to and alter optical modes. Sonic or ultrasonic waves
traveling in the active medium may cause these mode/media interactions.
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K. Smith and R. M. Thomson, Computer Modeling of Gas Lasers, Plenum Press, New York,
1978.

Although this text addresses primarily CO2 laser chemistry, it is a good example of
the breadth and level of detail achievable in modeling gas lasers.

A. E. Siegman, An Introduction to Lasers and Masers, McGraw-Hill, New York, 1971.
This introductory text covers the fundamental physics of lasers. Chapter 8 gives a
good introduction to the theory of stable resonators.

J. W. Goodman, Introduction to Fourier Optics, McGraw-Hill, New York, 1968.
Material presented here is fundamental to modern diffraction and propagation
algorithms.

J. D. Anderson, Gasdynamic Lasers: An Introduction, Academic Press, New York, 1976.
Comprehensive discussion of CO2 gasdynamic lasers technology, developed from
first principles.

S. Jacobs, M. Sargent III, and M. 0. Scully, eds., High Energy Lasers and Their Applications,
Addison-Wesley, Reading, Mass., 1974.

Chapter 5 by P. V. Avizonis reviews CO2 electrical, CO2 gasdynamic, and HF
chemical lasers.
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OPTICAL CAVITY CODE

1.1 GENERAL (Please complete if different from 2.1 and 3.1)

CODE NAME:

PROGRAM NAME (if applicable):_

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:_

ASSESSMENT OF CAPABILITIES:

I
ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:

Name:_

Organization:

Address:_

Phone:

AVAILABLE DOCUMENTATION:

Theory Manuals:_

1.0

I

I
I
I
I
I
I
I
I

I

I

I
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User Manuals:

Listings:

Other Relevant Publications:

STATUS:

Operational Currently?:
Under Modification?:

Purpose(s):_

Ownership?:___
Proprietary?:_ _

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?:_

Machine Dependent Restrictions:_

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words)

Small Job:

Typical Job:
Large Job:

Approximate Number of FORTRAN Lines:

Execution Time (Sec. CDC 7600)
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1.2 CODE STRUCTURE

BASIC TYPE (V): I

Physical Optics:
Geometri cal:__

FIELD (POLARIZATION) REPRESENTATION (V): I
Scalar:_I

Vetor:__
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: |

Annular Region:_

TRANSVERSE GRID DIMENSIONALITY (v1: 1-D 2-D I

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_

MIRROR SHAPE(S) ALLOWED

Square: 3
Rectangul ar:
Circular: |
Elliptical:
Strip:
Arbitrary:

CONFIGURATION FLEXIBILITY

Fixed, Single Resonator Geometry: _

Fixed, Multiple Resonator Geometries:
Modular, Multiple Resonator Geometries: 3
Other (describe):__

I
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PROPAGATION TECHNIQUE (N/all that apply):
Fresnel Integral Algorithms:

With Kernel Averaging:

Gaussian Quadrature:

Midpoint Rule:

Romberg:

Simpson:

Trapezoidal:
Fast Fourier Transform (FFT):
Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (specify):__
Finite Difference Algorithms

Method (specify):

COMPACT ANNULAR

________________I 
________________

CONVERGENCE t+:

Technique:

Power Comparison:_

Field Compari son:_

Other (specify):__
Acceleration Algorithms Used?:_

Technique:__
MULTIPLE EIGENVALUE/EIGENVECTOR EXTRACTOR ALGORITHMS

Prony:o
Other (specify):_

1.3 RESONATOR MODELING FEATURES

GENERAL CAPABILITIES:

Stability (V):
Stable Resonators:-
Unstable Resonators:
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Type (V

Standing Wave:

Traveling Wave (Ring):
Reverse Traveling Wave:

Branch (V):
Positive:_
Negative:__

Optical Element Models Included (V:
Flat Mirrors:
Spherical Mirrors:
Cylindrical Mirrors:
Telescopes:
Scraper Mirrors:
Axicons

Arbitrary:
Linear:
Parabola-Parabola:

With Offset Cones:

Other (specify):
Deformable Mirrors:
Spatial Filters:
Gratings (specify type):
Other Elements (specify):_

Waxicons .Reflaxicons

PRINCIPAL RESONATOR GEOMETRIES MODELED(e.g. HSURIA, Compact Unstable
Confocal, Unstable P-P Waxicon/Linear Waxicon Negative Branch
Ring With Spatial Filter, etc; Please List):_

I
I
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GAIN MODELS i):

Bare Cavity Only:

Simple Saturated Gain:

Detailed Model (see 2.0 below):

BARE CAVITY FIELD MODIFIER MODELS

Mirror Tilt:
Mirror Decentration:
Aberrations/Thermal Distortion

Arbitrary:
Selected (specify):_

Reflectivity Loss:
Output Coupler Edges

Rolled:
Serrated:
Other:

LOADED CAVITY FIELD MODIFIER MODELs 00)

Refractive Index Variation:
Gas Absorption:

Overlapped Beams (for flux updating):
Number of overlaps Allowed:

Other (see 2.0, 3.0):

FAR FIELD MODELS (v:

Beam Steering Removal:

Optimal Focal Search:

Beam Quality:

Atmospheric Propagation Effects:

Other: t
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OTHER UNIQUE FEATUES (e.g. Beam/Mode Rotation, Extra-Cavity
Adaptive Optics, Multipath/Parasitic Effect, etc.)

2.0 KINETICS

2.1 GENERAL (Please complete if different from 1.1 and 3.1)

CODE NAME:

PROGRAM NAME (if applicable):_

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:_

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:

Name:_

Organization:
Address:_

Phone:

A-8 I
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AVAILABLE DOCUMENTATION:

Theory Manuals:_

User Manuals:

Listings:

Other Relevant Publications:

STATUS:

Operational Currently?:_
Under Modification?:_

Purpose(s):__
Ownership?:

Proprietary?:_ _

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?:_

Machine Dependent Restrictions:_

SELF-CONTAINED?:

Other Codes Required (name, purpose):
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ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words)

Small Job: ____________

Typical Job: ____________

Large Job: ____________

Approximate Number of FORTRAN Lines:

Execution Time (Sec, CDC 7600)

2.2 CODE STRUCTURE/FEATURES

GAIN REGION (1/5:

Compact Region:_________
Annular Region:__________

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region:_________
Annular Region:__________

XINETICS GRID DIMENSIONALITY (1/0 1-D 2-D 3-D

Compact Region: 

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along

Optic Axis?: _________

Flow Direction?: _________

KINETICS TYPE MODELED (~
Pulsed:_________

CW:__________
CHEMICAL PUMPING REACTIONS MODELED V)

1X= F

Cold Reaction (X+H 2 ):

Hot Reaction (H+X 2 ):

Chain Reaction (X+H2 and H____2__

Other (including non-chemical, specify):
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ENERGY TRANSFER MODES MODELED (16: Follows (reference)

V-T:

V-R:

V-V:

Other (Specify):_

Single Line Model i:):

Multi-Line Model (16:

Assumed Rotational Population Distribution State (V):

Equilibrium:_

Non-Equilibrium:

Number of Laser Lines Modeled:_

Source of Rate Coefficients Used in Code:_

LINE PROFILE MODELS (V):
Doppler Broadening:_

Collisional Broadening:_

Other (specifyp):

2.3 OTHER UNIQUE FEATURES:_
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3. 0 GAS DYNAM ICS

3.1 GENERAL (Please complete if different from 1.1 and 2.1)

CODE NAME:

PROGRAM NAME (if applicable):____________________

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:____________

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:

Name:________
Organization:___
Address:______
Phone:________

AVAILABLE DOCUMENTATION:

Theory Manuals:__

User Manuals:

A-12
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Listings:

Other Relevant Publications:_

STATUS:

Operational Currently?:_

Under Modification?:_

Purpose(s):

Ownership?:

Proprietary?:
MACHINE/OPERATING SYSTEM (on which installed):_

TRANSPORTABLE?:

Machine Dependent Restrictions:_

SELF-CONTAINED?:

Other Codes Required (name, purpose):_

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words) Execution Time (Sec. CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:_
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3.2 CODE STRUCTURE/FEATURES 3
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):_

NOZZLE GEOMETRY MODELED (iV) (and nozzle type(s) if known): I
Cylindrical-radially flowing:_

Rectangular-linearly flowing:__
Other (specify):_

FLUID GRID DIMENSIONALITY (1):

1-D: 
lo2-D: _

3-D: _
FLOW FIELD MODELED (16:

Laminar: 3
Turbulent:_

Other: 3

BASIC MODELING APPROACH (16:
Premixed: 3
Mixing:

Other (specify): 3

l
References for Approach used:___

THERMAL DRIVER MODELED (16: 3
Arc Heater:

Combustor:

Shock Tube:

Resistance Heater:__

Other (specify):__
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F-ATOM DISSOCIATION FROM ¢

F2 :

SF6 :

Other (specify):_

IS F-ATOM CONCENTRATION DETERMINED BY MODEL?:_

DILUENT(S) MODELED (list):_

MODEL EFFECTS ON MIXING RATE DUE TO

Nozzle Boundary Layers?:

Shock Waves?:

Pre-Reaction (thermal blockage, etc.)?:

Turbulence?:

Other (specify):

MODEL EFFECTS ON OPTICAL MODES DUE TO (V):

Index of refraction variation?:_
Other (specify)?:_

3.3 OTHER UNIQUE FEATURES:_
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RESEARCHERS AND SURVEY MAILING LIST
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POTENTIAL MAILING LIST FOR CODE SURVEY

Novel Resonator Program Contractors

TRW

*D. L. Bullock (1), (2), (4) c ALL HEL) Gain model,
codes ring resona-
and tor, optical
models ) rotator

4 IMOPA, BLAZER,
MRO, CROQ,
BRIA, URINLA2

K. T. Yano (1), (2), (4)

J. B. Kaelberer (2)

D. Dee (2)

IMOPA, ring resonator, optical rotator, BRIA

IMOPA

BLAZER, MRO

*H. W. Behrens (2) BLAZER, MRO

C. L. Merkle (2)
T. Sugimura (2)
R. D. Hughes (2)

4

R. S. Lipkis (2)

Monte Carlo laser flow, ALFA,
LAMBDA nozzle, HYWND.
Modeled chemical laser (CL) flow-thru noz-
zles; modeled recirculating flow regions and
fuel/oxidizer stream merging.

Gain modeling, saturation effects, hole
burning, mode pulling.

H. M. Bobitch (2)
J. Munch (2)
A. Murthy (2)

Ring resonator with optical rotator (BRIA).
Used double waxicon setup and evaluated
mode control by measuring beam quality
(BQ).

R. K. Delong (2) MIRACL performance

P. M. Livingston (2), (4) Doppler shift produced by HYWND

S. Jarvis (3)

J. Miller (4)

0. Minnick (4)

K. Vogelsang (5)

(1) Attendees, Novel Resonator Mid-Term Review, December 5 and 6, 1978, NRL.
(2) Attendees/Presenters, 6th Tri-Service Chemical Laser Symposium, August 28-30,

1979, AFWL.

* Survey recipient
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(3) Attendees, ICAO/IFLA Review, April 10, 1979, AFWL.
(4) Distribution List for Novel Resonators for High Power Chemical Lasers Program.
(5) ADABECS Technical Interchange Meeting, September 12-14, 1979.

Rocketdyne

*R. Brandewie (1), (2), (4), (5) (All codes Physical optics codes; E
_n m-1o aeis A-I- rc a PA A-

J. B. Shellan (1), (4), (5)

G. A. Tyler (1), (5)

T. Waite (1), (2), (3), (4) )
*D. Holmes (2), (3)
P. Briggs (2)

G. E. Mevers (5)

F. D. Feiock (3), (5)

ana moaels) metrlcal upblub coae
(GOPWA)

HSURIA performance analysis

Ring resonators with spatial filters

Mode-media interactions in HSURIA
with flowing gain model

(All codes
and models)

(All codes
and models)

geo-

Resonator configurations,
alignment

Resonator configurations,
alignment

T. Marks (4)

V. L. Gamiz (5) Compensatory misalignment in ring resonators

Pratt & Whitney/United Technologies Research Center

Pratt & Whitney

P. E. Fileger (2) Anchored CLOQ3D kinetics model to CL-XI
W. B. Watkins (2) f nozzle data as part of IFLA annular ring

*R. Quinnell (2), (3)

study.

Used ALFA tilt sensitivity, IFLA rings,
injection-locked annular resonator

R. Schmidtke (4)

R. Freeman (4)

*J. Campbell (3), (4)

J. M. Bruckler (3)

G. MacClafferty (4)

*Survey recipient B-3
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UTRC

R. L. Hall (2)
H. R. Garcia (2), (3), (4)

P. Slaymaker (2)
R. Tansey (2)
K. E. Oughstun (2), (3)

A. W. Angelbeck (2)
G. E. Palma

J. J. Hinchen (2)
R. H. Hobbs (2)

J. M. Spinhirne (3)

R. Freiberg (3)

Perk in-Elmer

*P. B. Mumola (1), (2), (4)
D. Stoler (1), (2)

P. W. Milonni (2)

CLOQ3D studies using ALFA code of mixing
regions; rotational nonequilibrium; wave
optics. Garcia only: Injection-locked annular
resonator.
Tilt misalignment sensitivity studies on
unstable negative-branch ring resonators
(IFLA). Forward/reverse mode sensitivity
studies.

Analysis and computer modeling of injection-
locked annular resonator. Also compact rings.
Geometrics and wave optics.

Rotational relaxation and linewidths for DF
compared to HF. Pressure broadening mea-
surement.

Mode selectivity in annular resonators, radial
strut effects on mode control. HSURIA
comparison.

}

}

Anomalous dispersion in HF/DF. Broadening.

F. Way (4)

Non-NOVEL Resonator Program Contractors

Bell Aerospace

W. Brandkamp (i), (4)

T. F. Buddenhagen (1), (3)

*S. W. Zelanzy (2)
W. A. Chambers (2), (3)
M. Subbiah (2)

L. Lang (2)

Extended BLAZE to STARE, a rotational
equilibrium code modeling upstream-down-
stream coupling across optical axis. Compares
with CL-XI nozzle data.

4

* Survey recipient

B-4

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



NRL REPORT 8450

W. Solomon (4)

W. L. Rushmore (2) Efficient nonrotational equilibrium model

Aerospace Corporation

*R. A. Chodzko (1),
H. Mirels (1), (4)
E. B. Turner (2)
S. B. Mason (2)

R. L. Varwig (2)
P. L. Smith (2)
C. P. Wang (2), (4)

C. G. Coffer (2)
R. W. F. Gross (2)

J. F. Bott (2)
R. F. Heidner (2)

R. L. Wilkins (2)
M. A. Kwok
G. I. Segal (2)
E. F. Cross (2)
R. H. Ueunten (2)

(2), (4)}

}

}

*N. Cohen

Experimental HSURIA with linear waxicon
and rear flat. Tip and outer cone obscuration
studies, strut obscuration studies, polarization
studies. HSURIA w/rear cone comparisons.

Phase detectors based on optical heterodyning
with acousto-optic modulator for control of
adaptive optics. Anomalous dispersion studies.

Multiline HF tuning and phase control. Anom-
alous dispersion in HF.

Upper vibrational level deactivation in HF/DF.
Absolute rate coefficient for F + H2 and
F + D2. Oxygen-iodine laser; upper vibra-
tional level deactivation in a HF/DF.

Temperature dependence of vibrational relax-
ation from upper vibrational levels of HF and
DF. V-R and V-V studies.
Experimental study of significance of R-T
equilibrium in presence of V-R collisional
transfer.

Temperature dependence and rate coefficients
for F + H2 , F + D2 , H + F2 , and D + F2
pumping reactions.

*W. Warren (4)

W. J. Schafer Associates

*W. Evers (1), (2), (4)

G. W. Zeiders (1), (2), (4)

E. Gerry (4)

R. Schaefer (2)

*Survey recipient
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Science Applications, Inc.

*F. Horrigan (Boston) (1), (4)

J. Long (Atlanta) (1)

*R. Wade (Atlanta) (1), (3), (4)

S. S. Howie (Atlanta) (2)
K. E. Patterson (Atlanta) (2)

H. Ford (Atlanta) (4)

*R. Hodder (Stuart) (4)

MIT Lincoln Laboratory

*A. J. Morency (1), (2)
R. Osgood (1), (2)

*C. A. Primmerman (1), (2)
R. Rediker (4)
L. Marquet (4)

*J. Herrman

Air Force Weapons Laboratory

A. Paxton (1), (2), (3), (4)

*W. Plummer (1), (3), (5)

G. C. Dente (2)

R. Butts (3), (4), (5)

T. Salvi (2), (4)

L. D. Buelow (3)

*B. Deuto (3)

P. Latham (3)

R. F. Shea (2), (3)

R. Bower (4)

*Survey recipient

}

4

Modeled gasdynamics of high area relief
nozzles.

Modeled propagation of arbitrarily polar-
ized electric fields via physical optics code.

HSURIA, rings, three-level cascading HF/DF
media.

All resonators and codes.

Polarization effects in HSURIA with real cone.

Atmospheric effects; thermal blooming.

Physical optics codes, kinetics, and fluid
dynamics.

Modular physical optics codes (MOC3).

Oxygen-iodine kinetics.
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W. H. Lowrey (2)
H. D. McIntire (2)
W. H. Swantner (2)

*N. L. Rapagnani

The BDM Corporation

*T. R. Ferguson (2), (3)

G. T. Worth (2)

*D. N. Mansell (2), (3), (4)

C. M. Wiggins (2), (5)

Hughes Aircraft Company

M. Greenfeld (3)

*D. Fink (3), (4)

*B. J. Skehan (4)

J. Fitts (4)

W. B. King

R. Cubalchini

*I. Abrahmowitz

Ford Aerospace

*V. F. Pizzurro (3), (5)

P. Valliones (4)

*R. Buchheim (5)

GE Company/RESD

*J. B. Gilstein (4)

*Survey recipient

4

Interferometric testing of waxicons and re-
flaxicons and aberration balancing using two
geometric ray-tracing codes.

Physical optics codes URINLA2, GURDM,
MOC3, PROPAGATORS.

Physical optics codes GURDM, MOC3, intra/
extra cavity adaptive optics.

Geometric codes POLYPAGOS' IPAGOS,
MCPPAGOS, IMOPA.

Physical optics codes HSURIA with rear flat,
positive- and negative-branch ring resonator,
spatial filtering, self-imaging (GENRING,
SARAD).

Optics.

LPTS code.

Beam Control Systems (LPTS code).

Beam Control Systems (BREUX code).
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C. S. Draper Lab

J. Valge (4)

*C. Whitney (4)

AVCO Everett Research Labs

*J. Daugherty (4)

Johns Hopkins Applied Physics Laboratories

*R. Gorozdos (4)

Pacific Sierra Research

*A. Shapiro (4)

ITEK Corp.

*J. R. Vyce (4)

Lawrence Livermore Lab

*J. Emmett (4)

Lockheed Missile and Space Company

*R. Stewart (4)

Los Alamos Scientific Laboratory

*C. Fenstermacher (4)

J. Ramshaw (4)

McDonnel Douglas Astronautics

W. Gaubatz (4)

Director, Naval Research Laboratory

P. Ulrich (1), (4)

W. Watt (4)

S. C. Lin (1), (4)

* Survey recipient
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L. Sica (1), (4)

3 W. C. Carter (1), (4)

L. Drummeter (4)

| J. MacCallum (4)

J. Walsh (1)

U Under Secretary of Defense (RE&S)

R. Airey (4)

Defense Advanced Research Projects Agency (Info)

3 A. Pike (1), (4)

*R. C. Sepucha (1)

3 U. S. Army Missile R&D Command (MIRCOM)

*C. J. Albers (1), (4)

*J. M. Walters (1)

Deputy Assistant Secretary of the Navy

T. A. Jacobs (4)

3 Office of Naval Research

W. Condell (4)

U Naval Sea Systems Command

D. Finkleman (4)

*J. Stregack (4)

3 Rome Air Development Center

R. Ogrodnik (4)

l
*Survey recipient
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Polytechnic Institute of New York

S. H. Cho (2)
L. B. Felsen (2)

University of Illinois

*L. H. Sentman (2)
P. Bradbury (2) }

I
Circular mirror resonators with axicons
modeled using ray optics; cone tip and edge
diffraction studied.

I
I

Efficient rotational nonequilibrium model.
V-R and V-V relaxation in HF and DF.

Sandia Laboratories

*J. B. Moreno (2) HF chemical laser models for laser fusion.

Michigan State University

*R. L. Kerber (2)
R. C. Brown (2)
K. Emery (2)

D. H. Stone (2)

I}

Evaluation of rotational nonequilibrium
models for R-R, and V-R transitions. Com-
puter simulation.

Developed statistical model to correlate
relative rate coefficients in HF/DF pumping.

R&D Associates

J. M. Green (2)
*R. D. Melville
T. K. Tio (2)

}

Gas breakdown in CL resonators (HSURIA)
with rear cone. Gas breakdown on line focus
of axicons in presence of dirty helium.

*Survey recipient
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Appendix C

BELL AEROSPACE CODES RESPONSE

This appendix contains two tables summarizing the analysis capability related to the
Bell Aerospace Textron laser and reports detailed information on 28 codes. This informa-
tion is provided as submitted by Bell Aerospace Corp.
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Table C-2 - Bell Aerospace Codes

RESONATOR ANALYSIS CAPABILITY

CODES GOAD ARM-D ARM-G
FEATURES (1) (2) (3)

(1 ) OPERATIONAL ON IBM 370 x x

(2) OPERATIONAL ON CYBER 176 

(3) GEOMETRIC ANALYSIS X X

(4) DIFFRACTIVE ANALYSIS X

(5) r-X MODELED X

(6) r- O-Z MODELED X X

(7) LOADED CAVITY X

(8) DIFFRACTIVELY COMPUTES FFBQ C x

(9) MODELS HSURIA RESONATOR X X

(a) INTERNAL FOCUS WAXICON X X X

(b) CONFOCAL REAR CONE X E

(C) VTT ABERRATIONS X

(d} REFLAXICON x x
(10) MODELS RING RESONATOR X X

(11 ) MODELS STRUT EFFECTS

(12) MODELS MISALIGNMENT AND TILT
EFFECTS X

(13) MODELS MIRROR THERMAL DIST.

(14) MODELS MEDIA EFFECTS

NOTES: (1) THE ARM-D CODE MODELS r-0 -Z IN COMPACTED LEG ONLY, SRM-D
IS USED IN ANNULAR LEG.

(2) -DENOTES HAC SUPPLIED CODE CAPABILITY.
(3) CODE (3) PROVIDES SAME CAPABILITY, HOWEVER. ARM-G ALLOWS

FOR INTERACTIVE MODE OPERATION DUE TO REDUCED CORE SIZE
REQUIREMENT.

(4) 0 DENOTES FEATURE CURRENTLY BEING INCORPORATED.
* DENOTES FEATURE NOT YET EXERCISED BUT WITH THE CAPABILITY
FOR ANALYSIS CURRENTLY EXISTING.
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